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NOVEL HIGH AFFINITY HUMAN ANTIBODIES TO TUMOR 
5 ANTIGENS 

BACKGROUND OF THE INVENTION 

Tliis application is a continuation-in-part of United States Provisional 
Applications U.S.S.N. 60/000,238 and U.S.S.N. 60/000,250, filed on June 14, 1995 and 
June 15, 1995 respectively. These applications are incorporated by reference for all 
10 purposes. 

The invention was made by or under a contract with the following 
agencies of the United States Government: Army Grant No. DAMD17-94-J-4433 and the 
Department of Health and Human Services, National Institutes of Health, Grant No. UOl 
15 CA51880. 

This invention pertains to the fields of immunodiagnostics and 
immunotherapeutics. In particular, this invention pertains to the discovery of novd 
human antibodies that specifically bind to c-erbB-2, and to chimeric molecules containing 
these antibodies. 

20 Convoitional cancer chemotherapeutic agents cannot distinguish between 

normal cells and tumor cdls and hence damage and kill normal proliferating tissues. 
One approach to reduce this toxic side effect is to specifically target the 
chemotherapeutic agent to the tumor. This is the rationale behind the development of 
imiiiunotoxins, chimeric molecules composed of an antibody either chemically conjugated 

25 or fused to a toxin that binds specifically to antigens on the surface of a tumor cell 

thereby killing or inhibiting the growth of the cell (Frankel ei al. Am. Rev. Med.^ 37: 
127 (1986)). The majority of immunotoxins prepared to date, have been made using 
murine monoclonal antibodies (Mabs) that exhibit specificity for tumor cells. 
Immunotoxins made from Mabs demonstrate relatively sdective killing of tumor cells in 

30 vitro and tumor regression in animal modds (id.). 

Despite these promising results, the use of immunotoxins in humans has 
bera limited by toxicity, immunogenicity and a failure to identify highly specific tumor 
antigens (Byers et al. Cancer Res., 49: 6153). Nonspecific toxicity results firom the 
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"tUxxly l„«ever. is sail ,i|nffic»«lyi™„»^ , 

135: 1530 (1983)). IMWierwai, /. Atobok,/.^ 

difficult (Tames er al., j. Wu,;. jy^^. loo- 5 npSTil p.^ 

nnrifi-^ - ««•. iw. D (1987)). Furthermore, the paudtv of 

punfied tumor-q)ecific antigens makes it n«rMc,«, ♦ • • iwuciiyor 

SUMMARY OF TBE INVENXION 
nisiii«adonpn«ddB Km! human anabodie.ttoa«ifi„^^ k- . 

In a prefened embodiment, the antibody is a CA «„hk«h 
sPv antibody C6 5 ThB^au^ C6 antibody derived fiom the 

snerif5«.««- v CDR vanants are listed in the 

specification and m Examnles l o o . —wu w me 

«MH3.B1. ^.m..^,^;!':^^;^ ' - 
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Particularly preferred (sFv% dixners are fusion proteins when the Sfv* cx>n^nrats are 
joined through a peptide linkage or through a peptide (G#S). Still other preferred C6 
antibodies include an antibody selected from the group consisting of an antibody having a 
domain with one of the amino acid sequences shown in Table 10, an antibody having 
a Vh domain with one of the amino add sequences shown in Table 12, an antibody 
having a Vl CDR3 domain having one of the amino acid sequCTCes ^own in Tables 4, 
IS, and 16, and an antibody having a Vh CDR3 domain having one of the amino add 
sequences shown in Tables 13 and 14. Other preferred onbodiments are to be found 
replete throughout the specification. 

In a particularly preferred embodimmt, die C6 antibody has a ranging 
from about 1.6 x 10^ to about 1 x la" M in SK-BR-3 cells using Scatchard analysis or 
as measured against purified c-erbB-2 by surface plasmon resonance in a BIAcore. 

In another embodiment the present invration provides for nudeic acids that 
encode any of the above-described C6 antibodies. The invention also provides for 
nucldc adds that encode die amino add sequences of C6.5, C6ML3-14, C6L1, C6MH3- 
Bl, or any of the other amino add sequences encoding C6 antibodies and described in 
Example 1, 2 or 3. In addition this invention provides for nucldc add sequences 
encoding any of these amino add sequences having conservative amino add 
substitutions. 

In still another embodiment, this invention provides for proteins 
comprising one or more complemmtarity determining regions selected from the group 
consisting of the complementarity detCTmining regions of Tables 10, 12, 13, 14, 15, and 
16 and of any of the examples, in particular of Examples 1, 2 or 3. Other particularly 
preferred antibodies include any of the antibodies caressed by the clones described 
herdn. 

In still yet another embodimmt, this invmtion provides for cells 
comprising a recombinant nucldc add which is any of the above described nucldc acids. 

This invention also provides for chimeric molecules that spedfically bind a 
tumor cell bearing c-erbB-2. The chimeric molecule comprises an effector molecule 
joined to any of the above-described C6 antibodies. In a preferred embodiment, the 
effector molecule is selected from the group consisting of a cytotoxin (e.g. PE, DT, 
Ridn A, eic.), a labd, a radionuclide, a drug, a liposome, a ligand, an antibody, and an 
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anti^ binding domaine). The C6 antibody may be diemically conjugated to the 
effector molecule or the chimeric molecule may be expxessed as a fusion protdn. 

This invention provides for methods of making C6 antibodies. One 
method proceeds by i) providing a phage library presenting a C6.5 variable heavy chain 
S and a multiplicity of human variable light chains; ii) panning the irfiage libxary on c- 
eibB-2; and iii) isolating phage that specifically bind c-eibB-2. This method qptionaUy 
further includes iv) providing a phage library presenting the variable light chain of the 
phage isolated in stq> iii and a multi|dici^ of human variable heavy diains; v) panning 
the phage library on c-eibB-2; and vi) isolating iriiage that specifically bind c-erbB-2. 
10 Another method for making a C6 antibody pioceeds by i) providing a 

phage library pr^enting a C6.5 variable light chain and a multipUdty of human variable 
heavy chauis; ii) panning the phage library on c-eibB-2; and iu) isolating phage that 
specifically bind c-eifoB-2. 

Yet anotho- mediod for making a C6 antibody involves i) providing a 
15 phage library presenting a C6.5 variable light and a C6.5 variable heavy chain encoded 
by a nuddc add variable in the sequence encoding CDRl, CDR2 or CDR3 such that 
each phage displays a different CDR; ii) panning the phage libiaiy on c-eibB-2; and 
isolating the phage that specifically bind c-abB-2. 

This invention also provides a method for impairing growth of tumor cells 
bearing c-erbB-2. This method involves contacting the tumor with a chimeric molecule 
comprising a cytotoxin attached to a human C6 antibody that spedfically binds c-eibB-2. 

Finally, this invoition provides a mdhod for detecting tumor cells bearing 
c-eri>B-2. This method involves contacting the biological samples derived from a tumor 
with a chimeric molecule comprising a labd attached to a human C6 antibody that 
25 spedfically binds c-eibB-2. 

Definitiniw 

The foUowing abbreviations are used herein: AMP, ampidllin; c-eibB-2 
ECD, extracellular domain of c-eibB-2; CDR, complementarity determining region; 
30 EUSA, enzyme linked immunosorbent assay; FACS, fluorescence activated cdl sorter; 
FR, framework region; Glu, glucose; HBS, hepes buffered saline, 10 mM hepes, 150 
mM Naa, pH 7.4; IMAC, immobilized metal affinity chromatography; k„, association 
rate constant; k^r, dissociation rate constant; MPBS, skimmed milk powder in PBS; 



20 
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MTPBS, skiinmed millc powder in TPBS; PBS, phosphate bufifered saline, 25 mM 
NaH2P04, 125 mM NaCl» pH 7.0; PGR, polymerase chain reaction; RU, resonance 
units; scFv or sFv, single-chain Fv fragment; sFv': Fv containing cysteine; TPBS, 
0,05% v/v Tween 20 in PBS; SPR, siir£ace plasmon resonance; V^, immunogiobulin 
^ 5 kappa light chain variable region; V|, immunoglobulin lambda light chain variable 
region; V|,, immunoglobulin light chain variable region; Vh, immunoglobulin 
heavy chain variable region; wt, wild type. 

As used herein, an "antibody" refers to a protein consisting of one or more 
polypeptides substantially encoded by immunoglobulin genes or fragments of 

10 inununoglobulin gmes. The recognized inununoglobulin gmes include the kappa, 

lambda, alpha, gamma, delta, epalon and mu constant region graes, as well as myriad 
immunoglobulin variable region genes. Light chains are classified as either kappa or 
lambda. Heavy chains are classified as gamma, mu, alpha, delta, or qpsilon, which in 
turn define the immunoglobulin classes, IgG, IgM, ^A, IgD and IgE, respectively. 

15 A Qppical immunoglobulin (antibody) structural unit is known to comprise 

a tetiamer. Each tetxamer is composed of two identical pairs of polypq>tide chains, each 
pair having one "light" (about 25 kD) and one "heavy* chain (about 50-70 kD). The 
N-tmninus of each chain defines a variable region of about 100 to 110 or more amino 
acids primarily responsible for antigen recognition. The terms variable light chain (VJ 

20 and variable heavy chain (Vh) refer to these light and heavy chains respectively. 

Antibodies exist as intact immunoglobulins or as a number of well 
characterized firagments produced by digestion with various pq)tidases. Thus, for 
example, pq>sin digests an antibody below the disulfide linkages in the hinge region to 
produce F(ab)V a dimer of Fab which itself is a light chain joined to Vh-ChI by a 

25 disulfide bond. The F(ab)'2 may l>e reduced under mild conditions to break the disulfide 
linkage in the hinge region thereby converting the (Fab*)2 dimer into an Fab' monomer. 
The Fab' monomer is essoitially an Fab with part of the hinge n^on (see. Fundamental 
Jmnamology, W.E. Paul, ed.. Raven Press, N.Y. (1993), for a more detailed description 
of other antibody fragments). While various antibody fragmoits are defined in terms of 

30 the digestion of an intact antibody, one of skill will appreciate that such Fab' fragmrats 
may be synthesized de novo eithn chemically or by utilizing recombinant DNA 
methodology. Thus, the term antibody, as used herein also includes antibody fragments 
either produced by the modification of whole antibodies or synthesized de novo using 
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recombinant DNA methodologies. Preferred antibodies include single chain antibodies, 
more preferably single chain Fv (sFv) antibodies in which a variab 
variable light chain are joined together (direcdy or through a peptide linker) to form a 
continuous polypeptide. 

An -antigen-binding site" or -binding portion" refers lo the part of an 
immunoglobulin molecule that participates in antigen binding. The antigen binding site is 

formed by amino add reddues of the N-terminal variable (-V-) re^ 
("H") and light ("L") chains. n»ree highly divergent stretches within the V regions of 
the heavy and light chains are referred to as -hypervariable regions- which are „ 
interposed between more conserved flanking stretches known as -fiamework regions" or 
"FRs-. Urns, the term "FR- refers to amino acid sequences which are naturally found 
between and adjacent to hypeivaiiable regions in immunoglobulins. In an antibody 
molecule, the three hypervariable regions of a light duun and the three hypervariable 
n«ic»s of a heavy chain are disposed relative to each other in three dimensional 
form an antigen binding -surfece". This surface mediates recognition and binding of the 
target antigen. The three hypen^riable regions of eacA of the heavy and light 
referred to as -corhplementarity determining regions" or "GDRs" and are characterized, 

for example by Kabat er «7. 5te9i«r«c« o/piwteiw 

U.S. Dept. Health and Human Services, PubHc Health Services, Bethesda. MD (1987). 

As used herein, the terms -immunological binding- and "immunological 
binding properties- refer to the non-covalent interactions of the type which occur 
between an immunoglobulin molecule and an antigen for which the immunoglobulin is 
specific. The strength or affinity of immunological binding interactions can be expressed 
in terms of the dissociation constant (KJ of the interaction, wherein a smaUer Kfl 
represents a greater affinity. Immunological binding properties of selected polypq,tides 
can be quantified using methods well known in die art. One such method entails 
measuring the rates of antigen^inding site/antigen con5,lex formation and dissociation 

wherein those rates dq«nd on the concentrations of the complex partners, the affinity 
the interaction, and on geometric parameters that equaUy influence the rate in both 
directions. Thus, both the "on rate constant- and the -off rate constant" (k^ can 
be determined by calculation of ti« concentrations and the actual rates of association and 
dissociation. ^ ratio of k^ enables cancellation of all parameters not related to 
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affinity and is thus equal to the dissociation constant Ka- See, generaUy^ Davies et al. 
Ann. Rev. Biochem., 59: 439-473 (1990). 

the term "C6 antibody*, as used herein refas to antibodies doived from 
C6.S whose sequence is expressly provided herein. C6 antibodies preferably have a 
5 binding affinity of about 1,6 x 10* or better and are preferably derived by screening (for 
affinity to c-erbB-2) a phage display.library in which a known C6 variable heavy (Vh) 
chain is expressed in combination with a multiplicity of variable light (VJ chains or 
conversely a known C6 variable light chain is expressed in combination with a 
multiplicity of variable heavy (Vh) chains. C6 antibodies also include those antibodies 
10 produced by the introduction of mutations into the variable heavy or variable light 
complementarity determining regions (CDRl, CDR2 or CDR3) as described herein. 
Finally C6 antibodies include those antibodies produced by any combinatipn of these 
modification methods as ai>plied to C6.S and its derivatives. 

A single chain Fv ("sFv" or "scFv*) polypq>tide is a covalently linked 
15 Vh::Vl heterodimo- which may be e3q>ressed firom a nucleic add including Vh- and V^- 
encoding seq urac es either joined directly or joined by a peptid&^ncoding linker. 
Huston, et al. Proc. Nat. Acad. Sci. USA, 85: 5879-5883 (1988). A number of 
structures for converting the naturally aggregated— but chemicaUy separated light and 
heavy polypeptide chains from an antibody V region into an sFv molecule which will 
20 fold into a three dimendonal structure substantially similar to the structure of an antigen- 
binding site. 5ec, e.g. U.S. Patent Nos. 5, 091,513 and 5,132,405 and 4,956,778. 

In one class of embodiments, recombinant design methods can be used to 
develop suitable chemical structures (linkers) for converting two naturally assodated—but 
chemically separate-heavy and light polypeptide chains from an antibody variable region 
25 into a sFv molecule which will fold into a three-dimensional structure that is substantially 
similar to native antibody structure. 

Design criteria include determination of the appropriate Iragth to span the 
distance between the C-tmninal of one chain and the N-terminal of the other, wherein 
the linker is gmerally formed from small hydrophilic amino add residues that do not 
30 tend to coil or form secondary structures. Such methods have bem described in the art. 
See, e.g., U.S. Patent Nos. 5,091,513 and 5,132,405 to Huston ef c/.; and U.S. Patent 
No. 4,946,778 to Ladner et al. 
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In this regard, the first general step of linker design involves identification 
of plausible sites to be linked. Appropriate linkage sites on each of the Vh and 
polypqitide domains include those which will result in the minimum loss of residues 
from the polypq>tide domains, and which wiU necessitate a linker comprising a minimum 
number of residues consistent with the need for molecule stability- A pair of sites 
defines a -g^" to be linked. Linkers connecting the C-terminus of one domain to the 
N-terminus of the next generally comprise hydiophiUc amino adds which assume an 
unstructured configuration in physiological solutions and preferably are ftee of residues 
having large sule groups which might interfere with proper folding of the Vg and V|, 
chains. Thus, suitable linkers under the invention generally comprise polypeptide chains 
of alternating sets of glycine and serine residues, and may include glutamic acid and 
lysine residues inserted to enhance solubiUty. One particular linker under the invention 
has the amino acid sequence KGWer],. Another particularly preferred linker has the 
amino acid sequence comprising 2 or 3 repeats of [(Ser)^Gfy] such as [(Ser)4Gly], 
15 Nucleotide sequences encoding such linker moieties can be readUy provided using 

various oligonucleotide synthesis techniques known in die art. See, e,g., Sambrook, 
supra. 

Hie phrase "specifically binds to a protein" or "specifically 

immunoreactive with", when referring to an antibody refers to a binding reaction which 
20 is determinative of the presence of the protein in the presence of a heterogeneous 
population of proteins and other biologies. Thus, under designated immunoassay 
conditions, the speaSed antibodies bind to a particular protein and do not bind in a 
significant amount to other proteins present in the sample. Specific binding to a protein 
under such conditions may require an antibody that is selected for its specificity for a 
particular protein. For example, C6 antibodies can be raised to the c-«bB-2 protein that 
bind c-erbB-2 and not to otiier proteins present in a tissue sample. A variety of 
immunoassay formats may be used to select antibodies specifically immunoreactive witii 
a particular protein. For example, solid-phase ELISA immunoassays are routinely used 
to select monoclonal antibodies specifically immunoreactive witii a protein. See Harlow 
and Lane (1988) Antibodies, A Laboratory Manual. Cold Spring Harbor PubUcations, 
New York, for a description of immunoassay formats and conditions that can be used to 
determine specific immunoreactivity. 



25 



30 
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A chimeric moleciile is a molecule in which two or more molecules that 
&dst separately in their native state are joined together to form a single molecule having 
the desired functionality of all of its constituent molecules. While the chimeric molecule 
may be prepared by covaloitly linking two molecules each synthesized sepaiatdy, one of 
5 skill in the art will appreciate that where the chimeric molecule is a fusion protein, the 
chimera may be prepared de novo as a single "joined" molecule. 

The term "conservative substitution" is used in reference to proteins or 
peptides to reflect amino add substitutions that do not substantially alter the activity 
(specificity or binding affinity) of the molecule. Typically cons^ative amino add 
10 substitutions involve substitution one amino add for another amino add with similar 
chemical properties (e.g. charge or hydrophobidty). The following six groups each 
contain amino acids that are typicd conservative substitutions for one another: 

1) Alanine (A), Serine (S), Threonine (T); 

2) Aspartic add (D), Glutamic add (E); 
15 3) Asparagine (N), Glutamine (Q); 

4) Arginine (R), Lysine (K); 

5) Isoleudne (I), Leucine (L), Methionine (M), Valine (V); and 

6) Phraylalanine (F), Tyrosine (Y), Tryptophan (W). 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates the nucldc and amino add sequoice of the C6 sFv 
antibody C6.S. 

Figure 2 shows the location of mutations in a light chain shuffled C6L1 
and heavy chain shuffled C6H2 sFv. Mutations are indicated as shaded spheres on the 

25 Ca-carbon tracing of the Fv firagment of tfie immunoglc4>ulin KOL (Marquart ei al. 
(1990). HI, H2, H3, LI, L2 and L3 refer to the Vh and Vl antigen binding loops 
respectivdy. Mutations in C6L1 are all located in the Vx. domain with parental Vh 
sequmce, mutations in C6H2 are all located in the Vh domain with partial V^ 
sequence. C6L1 has no mutations located in a fi-strand which forms part of the Vh-Vj. 

30 interfece. C6H2 has 2 consovative mutations located in tiie B-strand formed by 
framework 3 residues. 

Figure 3 shows the locations of mutations in light chain shuffled sFv 
which spontaneously form dimm. Mutations are indicated as shaded spheres on the a- 
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caibon tzadng of the FV ftagment of the immunoglobulin KOL (Marquart et al., 1980) 
with the Vl domain located on the left side of each panel. A=C6VLD; B=C6VLE; 
C=CdVLB; D=C6VLF. Each shuffled sPv has at least 1 mutation located in a B-strand 
which forms part of the Vh-Vj, interface, 

Figure 4 illustrates the 72 hour biodistribution of a C6.5 diabody in SK- 
OV-3 tumor-bearing scid mice. 

DETAILED DESCRIPnON 
This invention provides for novel human antibodies tiiat specifically bind 
to the exttaceUular domain of the c-cibB-2 protdn product of the HER2/neu oncogene. 
The c-eibB-2 marker is oveiexpiessed by 30-50% of breast carcinomas and other 
adenocaidnomas and thus provides a suitable cell surface marker for spedfically 
targeting tumor cells such as carcinomas. In contrast to previous known anti-cerbB-2 
antibodies, the antibodies of the present invention (designated herein as C6 antibodies) 
15 are fiilly human antibodies. Thus, administration of these antibodies to a human host 
didts a little or no immimogenic response. 

This invention additionally provides for chimeric molecules comprising the 
C6 antibodies of the present invention joined to an effector molecule. The C6 antibodies 
act as a "targeting molecule" that serves to specifically bind the chimeric molecule to 
20 ceUs bearing the c-erbB-2 marka thereby deUvering the effector molecule to the target 
cell. 

An effector molecule typically has a characteristic activity that is desired 
to be deUvered to the target cell (e.g. a tumor overejqMessmg c-«rt>B-2). Effector 
molecules include cytotoxins, labels, radionucUdes, ligands, antibodies, drugs, liposomes, 
25 and viral coat proteins that render the virus capable of infecting a c-crbB-2e3cpressing 
ceU. Once deUvered to the target, die effector molecule exerts its characteristic activity. 

For example, in one embodiment, where the effector molecule is a 
cytotoxin, the chimeric molecule acts as a potent ceU-killing agent ^lecificaUy targeting 
the cytotoxin to tumor cells bearing the c-erbB-2 maricer. Chimeric cytotoxins that 
30 q»ecifically target tumor cells are well known to those of skill in the art (see, far 
example, Pastan et al, Ann, Rev. Biochem.y 61: 331-354 (1992)). 

In another embodiment, the chimeric molecule may be used for detecting 
the presence or absence of tumor ceUs in ww or i/i virro or for localizing tumor cells in 
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vivo. These methods involve providing a chimeric molecule comprising an efifector 
molecule, that is a detectable label attached to the C6 antibody. The C6 antibody 
specifically binds the chimoic molecule to tumor cells expressing the c-eibB-2 marker 
which are then marked by their assodation with the detectable label. Subsequoit 
detection of ttie cdl-assodated label indicates the presence and/or location of a tumor 
cell. 

In yet another embodiment, the e£fector molecule may be another specific 
binding moiety including, but not limited to an antibody, an antigen bindiqg domain, a 
growth &ctor, or a ligand. The chimeric molecule will then act as a highly specific 
bifimctional linker. This linker may act to bind and raihance the interaction between cells 
or cellular componoits to ^Mdtk the dumenc protein binds. Thus, for example, where 
die "efiGector" component is an anti-receptor antibody or antibody fragment, the C6 
antibody conqxment specifically binds c-erbB-2 bearing cancer cells, while the effector 
conqmnent binds receptors (e.g.. IL-2, IL-4, Fcyl, Fc7n and Fcyin receptors) on the 
surfiu» of immune cells. The diimeric molecule may thus act to oihance and direct an 
immune response toward taiget amoa odlsT ' 

In still yet anoth^ onbodiment the effector molecule may be a 
pharmacological agoit (eg. a drug) or a vehicle cmitaining a pharmacological agent 
This is particularly suitable where it is merely desired to invoke a non-lethal biological 
response. Thus the C6 antibody receptor may be conjugated to a drug aich as 
vinblastine, vindeane, melphalan, N-AceQrlmelphalan, mediotrexate, aminopterin, 
doxirubicin, daunorubidn, genistdn (a tyrosine kinase inhibitor), an antisense molecule, 
and other pharmacological agents known to those of skill in the art, theid>y specifically 
targ^ing the pharmacological agent to tumor cells eiqiressing c-eibB-2. 

Alternatively, the C6 antibody may be bound to a vdiide containing the 
therapeutic composition. Such vdiides include, but are not limited to liposomes, 
micelles, various synthetic beads, and the lifce . 

One of skill in the art will appreciate that the chimeric molecules of tfie 
presait invention optionally includes multiple taigeting moieties bound to a single 
effector or conversely, multiple effector molecules bound to a single targeting moiety. In 
still other embodiment, the chimeric molecules includes botii multiple taigeting moieties 
and multiple effector molecules. Thus, for example, this invention provides for "dual 
targeted" cytotoxic chim^c molecules in which the C6 antibody is attached to a 
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cytotoxic molecule while another molecule ie.g. ^ antibody, or another ligand) is 
attached to the other terminus of the toxin. Such a dual-taigeted cytotoxin might 
conqaise, a C6 antibody substituted for domain la at the amino tenninus of a PE 
and anti.TAC(Pv) inserted in domain m. Odier antibodies may also be suitable effector 
molecules. 



10 



30 



1. Rienaration nf r<S |^|^tifrirtfin. 

me C6 antibodies of this invention are piq«ied using standard techniques 
weU la«,wn to those of sldU in the art in combination With the polypq«^ 
aad sequences provided herein. Hie polypeptide sequences may be used to determine 
Wopnate nucleic add sequences encodii^ the particular C6 antibody disclosed thereby 
•n« nucleic add sequence may be optimized to reflect particular codon -preference.- for 
vanous expression systems according to standard methods weU known to those of sldU in 

theart. Alternatively, the nuddc add sequences provided herdn may also be used to 
15 express C6 antibodies, 

Ostag the seqiWK. fafennafiMi provided, Ite ™ 
syott-sixed «w«dmg to . nu«U« of 

<^Bgoo«l.«ide s,«he»,, p„*m,ly «„ on co™«^ 

ohgonucIeoMe ^^hesis n»ehtoes (N.edh.n.-V»I,ev««» « at. (19*4) ^ 
» to. 12:615<W,6») or m«™ny ^tt«ired »dn, *e «^ pta« pho,*o»™Uto 

Once a nuddc add encoding a C6 anttbody is synthBued U niay be 
»^'«^o'Cion«l.cco«.in,tos«ndan.™e«KKls.M6^ 

5 '"^""'fc^e-to^Wninttean. A,ridev.rievofdoniaga,d i,vi«, 
an,pjificaaonn«hodssuiowel6rtecons»«tfonof«»n4*^ 
encoding C6«abodysenes,a» known u,pe,«»„„f^. Examples of fl,e« 

teclnd*« «rf insmKd«,s sufSden. tt, di»c. person, of sidn flm,»«^ 
exerdses a» *™nd i. Berger and KUnn«I, „ C!o^^ 
Atoita* i, £>^««*^ vrt„™, jsj Academic Jress, Inc., S«, Diego. CA (Be«rer)' 
Sam*™*.,./. a9<»)i/ofea*.ra»»,,«-^i^«^j^p.,^,^„, 

0*i Spring Harbor 1^,0,,. Com Spring Barbor Pres. NY. (San*r»l); and " 
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joint ventuxe between Greene Publishing Associates, Inc. and John Wiley & Sons, Inc., 
(1994 Supplement) (Ausubel). Methods of producing recombinant immunoglobulins are 
also known in the art See^ Cabilly, U.S. Patent No. 4,816,567; and Queen et al. (1989) 
Pmc. Nat'lAcad. ScL USA 86: 10029-10033. 

Examples of tedmiques sufficient to direct persons of skill through in vitro 
amplification methods, including the polymerase chain reaction (PGR) the ligase diain 
reaction (LCR), (2/3-replicase amplification and other RNA polymerase mediated 
techniques are found in B^er, Sambrook, and Ausubel, as well as Mullis et al. , (1987) 
U^S. Patent No. 4,683,202; PCR Protocols A Guide to Methods and Applications (Innis 
et al. eds) Academic Press Inc. San Diego, CA (1990) (Innis); Amheim & Levinson 
(October 1, 1990) C&EN 3647; The Journal Of NIH Research (1991) 3, 81-94; (Kwoh 
et al. (1989) Proc. Natl Acad, Sci. USA 86, 1173; GuatelU et al. (1990) Proc, Natl 
Acad. ScL USA 87, 1874; LomeU et al. (1989) 7. Oin. Chem 35, 1826; Landegren et 
al., (1988) Science 241, 1077-1080; Van Brunt (1990) Biotechnology 8, 291-294; Wu 
and Wallace, (1989) Gene 4, 560; and BarringCT et al. (1990) Gene 89, 117. Improved 
methods of cloning in vitro amplified nuddc adds are described in Wallace et al., U.S. 
Pat. No. 5,426,039. 

Once the nucldc add for a C6 antibody is isolated and cloned, one may 
express the gwie in a variety of recombinantly engineered cdls known to those of skill in 
the art. Examples of such cells indude bactma, yeast, filamentous fiingi, insect 
(especially raiploying baculoviral vectors), and manmialian cdls. It is ^cpected that 
those of skill in the art are knowledgeable in the numerous expression systems available 
for repression of C6 antibodies. 

In brief summary, the ^pression of natural or synthetic nuddc acids 
encoding C6 antibodies will typically be achieved by qperably linking a nuddc add 
encoding the antibody to a promoter (which is dther institutive or indudble), and 
incorporating the construct into an e;q>ression vector. The vectors can be suitable for 
replication and integration in prokaryotes, eukaryotes, or both. Typical cloning vectors 
contain transcription and translation terminators, initiation sequences, and promoters 
useful for regulation of the expression of the nucldc add encoding the C6 antibody. The 
vectors optionally comprise graoic expression cassettes containing at least one 
independent terminator sequence, sequences permitting replication of the cassette in both 
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eularyotes and prokaiyotes, /.e.. shuttle vectors, and selection markers for both 
prokaryotic and eukaryotic systems. See Sambiook. 

To obtain high levds of egression of a cloned nucleic add it is common 
to construct expression plasmids which typically contain a strong promoter to direct 
transcription, a ribosome binding site for tianslational initiation, and a 
transcription/translation terminator. Examples of regulatory regions suitable for this 
purpose m £1 a>ff are the promoter and operator region of the £. aOi tryptophan 
biosynthetic pathway as described by Yanofsky. C. 1984. J, Bacteriol., 158:1018-1024 
and the leftward promoter of phage lambda (P J as described by Herskowitz and Hagen 
1980,^ JJev. Genet., 14:399^5. lUe inclusion of selection markers inDNA 
vectors transft«ined in is also useful. Examples of such markers include genes 

sped^g resistance to ampicillin, tetracycline, or chloramphenicol. See Sambrook for 
detaUs concerning sdection markers, e.g., for use in E. cott. 

Expression systems for «qmasing C6 antibodies are availabte 
cott. Bacillus^: (Palva et al. (1983) Gtene 22:229-235; Mosbad, etal.. Nature 
302:543-545 and Salmonella. £ systems are prefened. 

THe C6 antibodies produced by prokaryotic cdls may require exposure to 
diaotropic agents far proper folding. During purification from. e.g.. EL coU the 

expressed protdn is optionaDy denatured and then rename niis is accompHshed eg 
by solubilizingti^ebacteriaUy produced antibodies in a d«u,tro^ ' 

guanidineHQ. Il»e antibody is then n»atured. dlher by slow dialysis or by gd 
filtration. See, U.S. Patent No. 4.511,503. 

Methods of transfecting and expressing genes in mammalian cdls are 
known in ti,e art. Ttansdudng cdls witi, nuddc adds can involve, for example 
incubating viral vectors containing C6 nuddc adds witi, cdls witiun the host rarige of 
fte vector. See, e.g.. Methods in Enzymolog,, vol. 185, Academic Press. Inc., San 
Diego^CA P.V. Goeddd, ed.) (1990) or M. Kri^er. Gene Tranter and Egression - 
A lMborarory Manual, Stockton Press, New York. NY. (1990) and the references dted 
therem, 

Il» cdture of «Ils used in Ite i^, tave«io„, ^ „^ ^ 

c«lft«dccmiK«,a«„eorbloodMmplesiswentaow»taB»„. P«h™y(a^ 
cfA^ima am. a Uamal ,f Basic TecMgue, Mni edUan waq-Uss. New York 

(1994)) and fl» «fc«.c« d<ed tf»cta prcMte a guide tt. Ite 
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Techniques for using and manipulating antibodies are found in Coligan 
(1991) Currem Protocols in Immunology Wiley/Gxeene, NY; Harlow and Lane (1989) 
Amibodies: A Laboratory Manual Cold Spring Harbor Press, NY; StitM et al. (eds.) 
Basic and Clinical Immunology (4th ed.) Lange Medical Publications, Los Altos, CA, 
5 and references cited therein; Coding (1986) Monoclonal Antibodies: Principles and 
Practice (2d ed.) Academic Press, New York, NY; and Kohler and Milstein (1975) 
Nature 256: 495-497. C6 antibodies which are specific for c-erbB-l bind c-erbB-l and 
have a of 1^ or better, with preferred embodimaits having a of 1 nM or bett^ 
and most prefmed embodiments haying a Kd of 0.1 nM or better. 

10 In a preferred embodiment the C6 antibody g»e (e.g. C6.S sFv goie) is 

subcloned into the e3q)ression vector pUC119Sfi/NotHismyc, which is idratical to the 
vector described by Griffiths et al. . EMBO J. , 13: 3245-3260 (1994), (except for the 
elimination of an XBal restriction site). This results in the addition of a hexa-histidine 
tag at (he C-terminal md of the sFv. A pHEN-1 vector DNA containing the C6.5 sFv 

15 DNA is prepared by alkaline lysis miniprep, digested with Ncol and NotI, and the sFv 
DNA purified on a 1.5% agarose gel. The C6 sFv DNA is ligated into 
pUC119Sfil/NotlHismyc digested with Ncol and NotI and the ligation mixture used to 
transform electrocompetait E.coli HB2151. For e3q)ression, 200 ml of 2 x TY media 
containing 100 mg/ml ampicillin and 0.1% glucose is inoculated with E^coli HB2151 

20 harboring the C6 gene in pUC119Sfil/NotlHismyc. The culture is grown at 37''C to an 
A600 nm of 0.8. Soluble sFv is esqmssion induced by the addition of IPTG to a final 
concentration of 1 mM, and the culture is grown at 30"" C in a shaker flask overnight 

The C6 sFv may then be harvested from the periplasm using the following 
protocol: Cells are harvested by centrifugation at 4000 g for 15 min, resuspended in 10 

25 ml of ice cold 30 mM Tris-HQ pH 8.0, 1 niM EDTA, 20% sucrose, and incubated on 
ice for 20 minutes. The bacteria are then pelleted by centrifugation at 60O0 g for 15 
min. and the "p^plasmic fraction" cleared by cmtrifiigation at 3O,O0C^ for 20 min. 
The supranatant is thai dialyzed ovonight at A^'C against 8 L of IMAC loading buffer 
(50 mM sodium phosphate pH 7.5, 500 mM NaCl, 20 mM imidazole) and then filtered 

30 through a 0.2 niicron filter. 

In a preferred embodiment, the C6 sFv is purified by IMAC. All steps 
are performed at 4*C. A column containing 2 ml of Ni-NTA resin {(^agen) is washed 
with 20 ml IMAC colunm wash buffer (50 mM sodium phosphate pH 7.5, 500 mM 



wo 970027 1 A 1 _!_> 



wo 97/00271 

PCT/US96/10287 

16 

NaO. 250 nAliaudazole) and 20 ml Of IMAC loading buffer. periplasmic 
P«paiation is then loaded onto the column and the column ^ sequentially >^th 50 
ml IMAC loading buffer and 50 ml JMAC washing buffer (50 mM sodium phosphate pH 
7.5 5C» mM NaQ, 25 mM imidazole). Protein was dutai with 25 ml IMAC elation 
buffer (50 mM sodium phosphate pH 7.5. 500 mM NaCl, 100 mM imidazole) and 4 ml 
^onscouected. C6 antibody may be detected by absorbance at 280 nm and sFv 
ft3Ct«m duted. To ^ove dimeric and aggx^ sFv, 

volume < 1 ml in a Centricon 10 (Amicon) and fiactionated on a Superdex 75 column 
usmg a nmning buffer of HBS (10 mM Hq«s, 150 mM NaCl. pH 7 4) 

b V SDS PAoTT^ ^ ^^"^ ""^ by assaying an aliquot 

bySDS-PAGE. Tl« pmtein bands can be detected by Coomassie staining The 
Jc«,^on can then be determined spectrophotom^^^^ 
of 1.0 coiiBsjKmds to an sPv concentration of 0.7 mg/ml . 

g« Modifiration nf f^j^^^^^^^ 
AlDkntovftf n 
dtsplny) 
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bactena (baacrioptagc or phage) '^Uvoss^u.^t^^^^^ 

"P-ed on ptage surto (McCafl^y « a,. (1990) ^aa^. 348: 5,2-5^ 
Hbog«boon,««t (1991)Ate:«.^«„.. ,9,4,33^,37) R,r«,mpte a'^ 

rJl^^ ^ i" P^duc*. Of pha^ wi* x>1.3 ^joined . 

N^^u, of pm *«by ,™ta<»g a -ft^. pfc.,e c^te of Wndta, y«,^ 
(McCatfeny « o/. (,990) ^Smot. 348: 552.J54). 

Staceft.«,«bodyft,^B„«„3^^^ 

348:552-554). Mi«„«s p*a,e a» .„o^ ^ «„d . .he afB^ 
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by treatment with acid or alkali. Depending on the affiniQr of the antibody ftagment, 
enrichment factors of 20 fold-1 ,000,000 fold are obtained by single round of affinity 
selection. By infecting bacteria with the eluted phage, however, more phage can be 
grown and subjected to anothv round of selection. In this way, an ouichment of 1000 
fold in one round becomes 1,000,000 fold in two rounds of selection (McCafferty et al. 
(1990) Nature. 348: 552-554). Thus, even when enrichments in each round arc low 
(Marks et al. (1991) /, Mol Biol., 222: 581-597), multiple rounds of affinity selection 
leads to tiie isolation of rare phage and die genetic material contained within which 
encodes the sequence of the binding antibody. The physical link between genotype and 
phoiotype provided by phage display makes it possible to test every mraiber of an 
antibody ftagment library for binding to antigoi, evai with libraries as large as 
100,000,000 clones. For example, after multiple rounds of selection on antigen, a 
binding sFv that occurred with a ftequency of only 1/30,000,000 clones was recovered 
(Marks et al. (1991) J. Mol. Biol., 222: 581-597). 

Analysis of binding is simplified by including an ambo- oodon between the 
antibody ftagment g«»e and gene m. This makes it possible to easily switch between 
di^yed and soluble antibody fragments simply by changing the host bacterial strain. 
When phage are grown in a supE suppresser strain of E. coli, the amber stop codon 
between the antibody gene and gene m is read as glutamine and the antibody fragment is 
displayed on the surfece of the phage. Wh«i eluf ad phage are used to infect a 
non-supressor strain, the amber codon is read as a stop codon and soluble antibody is 
secreted from the bacteria into the poiplasm and culture media (Hoogenboom et al. 
(1991) Nucleic Acids Res.. 19: 4133-4137). Binding of soluble sFv to antigen can be 
detected, e.g., by EUSA using a murine IgG monoclonal antibody {e.g.. 9E10) which 
recognizes a C-terminal myc peptide tag on the sFv (Evan et al. (1985) AfoZ. CeU Biol. 
5: 3610-3616; Mumo et al. (1986) QsU. 46: 291-300), e.g., followed by incubation witii 
polyclonal anti-mouse Fc conjugated to horseradish peroxidase. 

P) ffiaec giSPtev can be used to incrca^. antibodv affinifv. 

To create higher affinity antibodies, mutant sFv gme npatoxie&, based on 
the sequence of a binding sFv, are created and expressed on die sur&ce of phage. 
Higher affinity sFvs are selected on antigen as described above and in Examples 1 and 2. 
One approach for creating mutant sFv goie rq)ertoiies has be«i to replace dth» the V„ 
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or V, gene ftom a binding sFv with a i^ire of nonimmune or V, genes (chain 
Shuffling) (Oaclcs^n « al. (1991) Na^re, 352: 624^8). Such gene r^i^ contain 
nui^n,us variable genes derived fh,m the san^ germline gene ^ 
withpomtm„tations(Markse/a/.(1992)5i./r«:fe«,to^^ Using light 

Cham shuffling and phage display, the binding avidities of a human sFv antibody 

Zr K 7 " *e affinity of a human sFv antibody ftagment which bound the 

TTJT^^^ 3(X) nM to 15 „M (20 fold) (Maries « 

ol. (1992) Aa/Ta*n>to£>>, 10:779-783). » v •» o 



O fcnlmitHi mid rh<initt.riT..i.. f ^ fji_ . 

e-grhB-l, 



bolaion «ul daraclerizadon of C6.5 is desc^ 
Exa^plesbdow. Huin», sFVs which bound » c^^2 «™ «^ 

««^».^d«»„p.p«*i„,™*i^„,.,^. A«.,a«™™^^^ 

«^c.^..„^(45«6)p^^„«^^^^ ^ • 

iTomL^ '^'■"^-"'>™»'"'^'»«*^2»..o...' 

bo^d «*.B2 on ^ ^ ^ ^ ^ ^ ^ 

characterizatiQn, 

To Sudliae puiiflcalion, C6.S SFv nne was srtxaoncd iMo 
««or pucns Sfl-NoanycHIS which in d,. addition of a» n,™ 

P^O«Mo«dbyah«.his«dineaea.tteCHe™in.,endofft.sFv. Tjve«»r 

*=bacu™ip.npta.whe«*e,ead.,sc,ucn«isc.=a«d. IWs n»kes U p«sibte «, 
^nahv.,«^foM«,^^,^^^^^ 

^ <m e„ and purified ftom U,c taclcrial supe^ 

afflm,ych,.n«p8»phy. 11» yield after puriiic«ion and li,«don on a Superdcx 75 
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E> Measurement of affinity for c-erbB-2. 

As explained above, selection for increased avidity involves measuring the 
affinity of a C6 antibody (e,g. a modified C6.5) for c-ert)B-2. Methods of making such 
measuiemraits aze described in detail in Exanq)les 1 and 2. Briefly, for example, the Kd 
of C6.5 and the kinetics of binding to c-eibB-2 were determined in a BIAcore, a 
biosensor based on surfiace plasmon resonance* For this technique, antigoi is coupled to 
a derivatized sensor chip cq>able of detecting changes in mass. When antibody is passed 
over the sensor chip, antibody binds to the antigen resulting in an increase in mass which 
is quantifiable. Measuremmt of the rate of association as a function of antibody 
conoratration can be used to calculate the assodation rate constant (k«J. After the 
association phase, buffer is jiassed over the chip and the rate of dissociation of antibody 
(Kid determined. Rate constant k« is typically measured in the range 1.0 x 10^ to 5.0 x 
10** and koff in the range 1.0 x 10"^ to^-iO x 10^. The equilibrium constant Ka is ofttn 
calculated as Kig/Ka and thus is typically measured in the range 10"* to 10-". Affinities 
measured in this manner corrdate wdl with affinities measured in solution by 
fluorescence quench titration. 

¥) AITmitv of C6,S for c-erhll-l. 

The kinetics of bmdmg and affinity of purified C6.5 were determined by 
BIAcore and the results are shown in Table 2. The of 1.6 x lO® M determined by 
BIAcore is in dose agreemmt to the Kd determined by Scatchard analysis after 
xadioiodination ^.0 x 10* M). C6.5 has a r^id k;^, and a relatively rapid k^. The 
rapid k^ correlates with the in yntro iheasuremrat that only 22% of an injected dose is 
retained on the surfsu^e of SK-OV-3 cells after 30 minutes. Biodistribution of C6.5 was 
determined and the percent injected dose/gm tumor at 24 hours was 1.1 % with 
tumor/organ ratios of 5.6 for kidney and 103 for bone. These values compare fovorably 
to values obtained for 741F8 sFv. 741F8 is a monoclonal antibody capable of binding c- 
eibB-2 (see, e.^., U.S. Patent 5,169,774). The of 741F8 was also measured by 
BIAcore and agreed with the value determined by scatchard analysis CTable 1), 
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Tabk 1 Chanirterization of anti-cerbB-2 sPf sneries rho«/---j ^- 
»fr«rbB.2 sFv. 741F8. '^^^ JTt^c^^^J^ 
dissociation constants were detemuned hv q«.#/.Ko«i -T f"™P^' The affinity and 
stated. Dissociation fiorc^S^sitile ^^ 

live ceU assay, -nie oercen^ nf iJf^^ i ^ ^ measured in an in vitro 

organ ra^wered^^^i^ blSibtf^J^ ^"""^J?^ ^'""^ ^ 

sdd mice (n=10-14)^g '^^^^ » "^-^ S«>"ps of 

<35% of the assodate^t« a Il^^nrt^*^^? SEM are 

741F8 sFv * " significantly improved (p<O.0F5) compared to 




These results show tiut a human sFv which binds specifically to c^B-2 
v^tiimc^ affinity was been produced. Hie sFv expresses at high level in E. c.. as 
-^esFv andcanbeeasUypuxifiedinhighyi^dintwost^. Techniques are ^own 
for the r^i and effidentiy purification of sFv from the bacterial periplasm and to 
measure affinity without the need for labeling. 
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a\ Fstimatinff the afrmitv of unPuriTied sFv for c-erbB-2. 

Phage display and selection gmerally results in the selection of higher 
afOnity mutant sFvs (Marks et al. (1992) Bio/Technology, 10: 779-783; Hawkins etal. 

(1992) /. MoL Biol. 226: 889-896; Riechmann ei al. (1993) Biochemistry, 32: 8848- 

S 885S; Clackson et al. (1991) Nature, 352: 624-628), but probably does not result in the 
separation of mutants with less than a 6 fold differrace in affinity (Riechmann et al. 

(1993) Biochemistry, 32: 8848-88S5). Thus a r^id method is needed to estimate the 
relative affinities of mutant sFvs isolated after selection. Since increased affinity results 
primarily £rom a reduction in the Is^^ measurement of should identify higher affinity 

10 sFv. koir can be measured in the BLkcore on unpurified sFv in t^act^ial pmplasm, since 
expression levels ace high mough to give an adequate binding signal and k^ is 
independent of concentration. The ^^ue of k^^ for periplasmic and purified sFv is in 
close agreement (Table 2). 

15 Table 2. Comparison of determined on sFv in bacterial periplasm and after 
purification by IMAC and gel filtration. 



sFv 


lw(s-») 


C6-S penplasm 


5.7 X 10* 


C6-S purified 


6.3 X 10' 


C6-Sala3 poiplasm 


9.3 X 10* 


C6-Sala3 purified 


1.5 X 10-' 


C6-5alal0 peiq>lasin 


3.7 X 10» 


C6-Salal0 purified 


4.1 X 10^ 



Ranking of sFv by k^, and hmce relative affinity, can be determined 
without purification. Determination of relative affinity without purification significandy 
increases the rate at which mutant sFv are charactoized, and reduces the number of 
mutant sFv subcloned and purified which do not show improved binding characteristics 
30 over C6.S (see results of light chain shuffling and randomization below). 

H> ^^crgasfng frg agrmity gf CTtg fry flinin shiffTling^ 

To alter the afBnity of C6.S, a mutant sFv gme rq>^toire was created 
containing the VH gene of C6.S and a human VL gmc repertoire (light chain shuffling). 
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10' transfoimants was obtained. PhaBe wei* nnm»«»i - ^ 

SdecSon, w« pafomed by incuhatog the phage witt, bioltaylaled 
«rt»-2m«*,flo.. ll»"««en»n<»«to«.s decreed eaoh™.^,,^,, 
»^«^ tes*,n«.d«i«.K,hy*efl^™^^^. ^ 
^ of Ph.se CO b«is ofajauty (Hawito. « ^ (1992) J. Mol BU,,. 226: 

bou«l«*B.2byEUSA. Stogie Chain Pv was e.^lto„ 48 EUSApoddv. 

l-nplasn,ha„es.ed. ,„dU«,Pvk„ de«n™«dhy llU^^ Single^ Pv. «Le 

^.UUd ««. a ^ d«. d«« su-we. d»„ «.5: ,*e ligh. Chain gene o, .0 ^ 
^wassequen^d. One n«i,ue %h. chain was idendfled. C6L1. T,^ ^ ^ 

flteMion. Affim^ waj detennined by BtAcore CRhie 3) 

gb^3. ^'■■■'■=to«.« o,binding,fC6.5%h..ndh..vy.hain.hnffl^„,^ 



sFv clone 



1.6 X 10* 
2.6 X 10^ 
4.8 X 10* 
3.1 X 10* 



4.0 X 10* 
7.8 X 10» 
1.25 X 10 « 
8.4 X 10* 



6.3 X 10^ 
2.0 X 10-^ 
6.0 X 10^ 
2.6 xlO' 



C6.5 

C6L1 (light chain shuffled 
C6VHB-4 (heavy chain shuffle ) 
C6VHC (heavy chain shufflft^ 

For he«y chain ahufflins,lheC«.JVHCDH3 and ligh,dai.we« 
7 " VH gen. ^ ^ . ^ " 

24 fion. <^<^r^^^,,^^ ^ ^ 
(C6VHB^andC«VHC4). of d^ ^ ^ ^ 
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determined by BlAcore (Table 3). The affinity of C6.S was increased 5 fold by heavy 
chain shuffling and 6 fold by light chain shuffling. 

D Increasing the afTmitv of C6-5 bv site directe d nmtagenefils of the third 
S rPB of thf light cftaio. 

The majority of antigra contacting amino acid side chains are located in 
the complemratariQr determining regions (CDRs), three in the Vh (CDRl, CDR2, and 
CDR3) and three in the (CDRl, C3JR2, and CDIt3) (ChothU er ^rf. (1987) /. MoL 
BioL, 196: 901-917; Chothia et al. (1986) Science. 233: 755-8; Nhan et al. (1991) J. 

10 Mol BioL, 217: 133-151). These residues contribute the majority of binding energetics 
responsible for antibody affinity for antigra. In other molecules, mutating amino adds 
which contact ligand has been shown to be an effective means of increasing the affinity 
of one protein molecule for its binding partner (Lowman ei al. (1993) 7. Mol Biol. , 234: 
564-578; Wells (1990) Biodiemistry. 29: 8509-8516). Thus mutation (randomization) of 

15 the CDRs and screening against c-eibB-2 may be used to generate C6 antibodies having 
improved binding affinity. 

For «ample, to increase the affinity of C6.5 for c-etbB-2, nine amino 
acid reddues located in VL CDR3 (re^dues 89-95b, numbering according to Kabat et al. 
(1987) si^ra. ; Table 2), w^e partially randomized by synthesizing a 'doped' 

20 oligonucleotide in which the wild type nucleotide occurred with a frequency of 49%. 

The oligonucleotide was used lo amplify the remaind^ of the C6.5 sFv gene using PGR. 
The resulting sPv gme repotoire was cloned into pCANTAB5E (Pharmacia) to create a 
phage antibody library of 1 x lO'' transformants. The mutant phage antibody library was 
designated C6VLCDR3. 

25 Selection of the C6.5 mutant VL CDR3 library (C6VLCDR3) was 

performed on biotinylated c-erbB-2 as described above for light chain shuffling. Afta 
three rounds of selection 82/92 clones analyzed produced sFv which bound c-erbB-2 by 
ELISA and aft^ 4 rounds of selection, 92/92 clones analyzed produced sFv which bound 
c-crbB-2. Single-chain Fv was expressed from 24 ELISA positive clones from the 3rd 

30 and 4th rounds of selection, the periplasm harvested, and the determined by BlAcoie. 
The best dones had a keif approximatdy 5 to 10 times slower than that of C6.5- The 
light chain graes of 12 sFvs with the slowest k;^,r times from the 3rd and fourth round of 
selection were sequmced and each unique sFv subcloned into pUC119 Sfi-NotmycHis. 
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Singled Fv was expressed, purified by IMAC and gel filtration, and sFv affinity and 
binding kinetics detennined by BIAcore (Table 4). Mutant sFv were identified wifl, 16 
fold increased affinity for c-eibB-2. 



10 



15 



20 



25 



30 



35 



Table 4. Ammo acid sequence, affinity, and binding kinetics of sFv isolaterf fw.™ o 
libraiy of C6.5 mutants. TV&Ie identified mutanteii,^^^ £ th?^^ 
rounds of selection. The entire VL Cnm nf «T u - ^ ^uth 

to mutagenesis (89-95b) uSS ^^tsV^^t^'^^^^^^ 
pj^^gd filtered sPv by SPR in a B^ J^T^^^^Z^n^Z^ ' - 
indicates that ti«^ » no change irom die C6.5 V, CDR3 seQuenceTS;^ t^^^ ' 



sPv clone 



C6.5 



CDR3 
sequence 



(M) 



-8 



-T — YA 



Roiind 

C6ML3-5 
C6HL3-2 
^6ML3-6 
C6ML3-1 
C6ML3--3 
C6ML3-7 
C6ML3-4 
4ta Round of sele ction : 
C6ML3--12 
C6ML3-9 
C6HL3-10 
C6ML3-11 
C6KL37I3 
C6ML3-8 
C6ML3-23 
C6ML3-19 
C6ML3~29 
C6ML3-15 
C6ML3-14 



1*6 X 10 



A* 2 X 10-^ 
2.8 X 10-^ 

3.2 X lO"*^ 
6.7 X 10'^ 

4.3 X 10"® 
2-6 X 10"® 
3.5 X 10"® 



4.0 X 10- 



6.3 X 10 



-3 



5.9 X 10* 
7*1 X 10' 
5.9 X 10^ 
3.0 X 105 
4.6 X 10^ 
6.5 X 10^ 
4.0 X 10® 



1.9 X 10 



-3 



2.0 X 10" 3 
1*9 X 10"3 
2.0 X 10"^ 



2.0 



X 10 



-3 



1.7 X 10"3 
1.4 X 10"3 



Y~R 


1.6 


X 10"^ 


4.5 X IqS 


7.2 


X 10-< 


-S — YT 


1.0 


X 10-9 


6.1 X IQS 


9.2 


X IQ-* 


E-PWY 


2.3 


X 10-9 


6.1 X 10^ 


1.4 


X 10-3 


YA-W 


3.6 


X 10-9 


6.1 X 10^ 


2.2 


X 10-3 


AT-W 


2.4 


X IQ-^ 


B.7 X 10^ 


2.1 


X 10-3 


HIJtW 


2.6 


X 10-9 


6.5 X 10^ 


1.7 


X 10*3 




1.5 


X 10-9 


6.7 X 10^ 


1.7 


X 10-3 


-S — RP-W 


1.5 


X 10-9 


6.7 X 10^ 


1.0 


X 10-3 


— 6T-W 


2.7 


X 10-9 


12.9 X IqS 


2.2 


X 10-3 


RP-W 


2.2 


X 10-9 


5.9 X IqS 


1.3 


X 10-3 


p-w 


1.0 


X 10-9 


7.7 X 10^ 


7.7 


X 10-* 
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Partial laiidoiniiation of a single CDR (V^ CDR3) lesulted in the creation 
of mutant sFvs with 16 fold higher affinity for c-erbB-2, indicating that CDR 
randomization is an ^ective means of creating highn affinity sFv. The results also 
show that the method of selecting and identifying higher affinity sFv by reducing soluble 
5 antigoi concentration during selections and screening periplasms by BIAcore prior to 
sequraidng, subcloning and purification provides an effective way to isolate high affinity 
antibodies. 

J) CreatlPn of C6.5 (sFV*), and (sFvi, homniiiniPr^ » n d efiferf on nfTmitv anH 
10 bindinp kinrties for cerhTU^. 

To create C6 (sFv*), antibodies, two C6 sFvs are joined through a 
disulfide bond j or linker (eg. , a carbon linker) between the two cysteines. To create C6 
(sFv)2, two C6 sFv are joined directly through a peptide bond or tiirough a peptide 
linker. Thus, for example, to create disulfide linked C6.5 sFv', a cysteine residue was 
introduced by site directed mutagenesis between the myc tag and hexahistidine tag at the 
catboxy-terminus of C6.5. Introduction of the correct sequence was verified by DNA 
sequencing. The construct is in pUC119, the pelB leader directs expressed sFv* to the 
periplasm and cloning sites (Ncol and Nott) exist to introduce C6.5 mutant sFv'. This 
vector is called pUC119/C6.5 mycCysHis. Expressed sFv* has the myc tag at the 
20 C-terminus, followed by 2 glycines, a cysteine, and tiien 6 histidines to &ciUtatB 
purification by IMAC. After disulfide bond formation between tiie two cysteine 
residues, die two sFv* are separated ftom each otiier by 26 amino adds (two 11 amino 
add myc tags and 4 glycines). An sFV was expressed from tiiis construct, purified by 
IMAC, and analyzed by gd filtration. The majority of die sFv» was monomeric. To 
25 produce (sFy% dimers, die cysteine was reduced by incubation witfi 1 MM 

beta-mercaptoedianol, and half of tiie sFv' blocked by tiie addition of DTNB. Blocked 
and unblocked sFv's were incubated togetiier to form (sFv'), and die resulting material 
analyzed by gd filtration. 50% of die monomer was converted to (sFv'), homodimer as 
determined by gd filtration and nomeducing polyacrylamide gd dectrpphoresis. The 
30 affinity of die C6.5 sFv' monomer and (sFv*)2 dimer were determined by BIAcore 

(Table 5). The apparent affinity (avidity) of C6.5 increases 40 fold when converted to 
an (sFv*)2 homodimer. 
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Table 5. AfSnirie s and binding kinetics of C6.5 sFv and C6,S 
Clone 




^^^•^(*^'>^«**i^«^«mt avidity effi«compa«i to the 
Thus, tius ai^roach inc^ases antibody fragment afi^^^ 
lenal thicshold for ncretioii. 

^abody owuger « ^ ^ ^ ^ ^ ^ ^ 
94/13804). TWs yields a Mvale« molecule CM«ai,^ of n»C6 J ^,.^5^ 

^l^«.5di,bodyisdesc.^i.H^,.^ J 

^"^T-"^*^ ^^^^^^^ 

..d pudfled .ccor-sng ^ «^ ^ 
«M«.fl»a«. «"a«»herp»fe™,e™bodim«,«,e(^).^i,p^^ 
U^,«p.„,eB.er««pen„i««„V»«^V.«p^,^.^^ 
cton with two Cewnding sites. l«"W»fiMe 

K) Bftftjtf,TV.fmmynnlnMn. nnK.....=„...^, „^„ „„„„ „ „ 

«™nts of «.5 h«,beeaj«p,«, wia, K, fi^ j ,, 10-. M to l.Ox I^'M 

»™™e«nbmd»g,„do.i,,««,bi«lis.rita,io„. Cellsa.fiee«a,.io..ssavs 
d«™««.e tl^t lU^ ^ „ ^ ^ . ^ 

For SFV of a^proxi^M, -»e affinity. sFv with slow« «e be,« 
on B^censur^tee. m con,^ hindin. assays. aU of the 
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in a dose dependent fashion with biotinylated C6.5 for c-eibB-2 on the surface of SK- 
BR-3 cells. 

Twaity four hour biodistribution studies were performed in scid 
mioefoeaiing sx. SK-OV-3 tumors to examine the role of affinity in the specificity and 
5 degree of tumorretoition. These assays employed ^^-labeled forms of C6.5, C6G98A, 
C6ML3-9 and a negative control sFv at a dose of 25 mg. The c-eibB-2-specific sFv 
were selected to provide the following st^wise increase in afiBnity; C6G98A p.2 x 
l(r\ C6.5 (1.6 X lO*) and C6ML3-9 (1.6 x 10^, Hie biodistribution studies revnied a 
close correlation between the affinity and the %ID/g of the radioiodinated sFv retained in 

10 tumor. The greatest degree of tumor retention was observed with *^-C6ML3-9 (1.42 ± 
0,23 %ID/g). Significanfly less tumor retention was achieved witii "*I-C6.5 (0.80 ± 
0.07 %ID/g) (p=0.0306). Finally, tiie tumor retention of flie lowest affinity clone^^I- 
C6G98A (0.19 ± 0.04 %ID/g) was significantiy less than tiiat of C6.5 (p=0.00001) and 
was idratical to that of the negative control *^-26-10. The T:0 ratios also reflected the 

15 greala: retention of highn-affinity species in tumor. For example, tumQr:blood ratios of 
17.2, 13.3, 3.5 and 2.6, and tumor to liver ratios of 26.2, 19.8, 4.0 and 3.1 were 
observed for C6ML3-9, C6.5, C6G98A and 26-10, respectively. 

These results demonstrate that selective tumor retration of sFv molecules 
corrdates with tiieir affinity properties. With further increases in affinity, additional 

20 improvemmts in tumor retention are observed. 

L) Approach to produce higher flffinjty hiimnp ffFy, 

As described above and in Examples 1 and 2, a C6 antibody (eg. C6.5 
sFv), which binds specifically to c-«bB-2, is esqiressed at high level in E. coU as native 

25 protdn, and can be simply purified in high yield. (>ptimized techniques for creating 
large C6.5 mutant phage antibody libraries and developed techniques for efficientiy 
selecting higher affinity mutants firom these libraries are provided. These techniques 
were used to increase C6.5 affinity 16 fold, to 1.0 x 10^ M, by randonuzing Vl CDR3, 
and 5 and 6 fold by heavy and light chain shuffling respectively. 

30 To further increase affinity, mutant C6.5 phage antibody libraries can be 

created where the other CDRs are randomized (Vl CDRl and CDR2 and Vh CDRl, 
CDR2 and CDR3). Each CbR is randomized in a separate library, using, for example, 
C6ML3-9 as a template (Kj = 1.0 x lO * M). In a preferred embodiment, CDRs can be 
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sequentially nmdomized. usu^ the highest affimly sPv as the template for the next «,und 

of mutagenesis. Ilus approach would be piefetied when mutate 

each other, for example VL and VHCDR3. In another embodiment, CDRs could be 

mutated in paralld, and mutations combined to achieve an additive effect on 

This ;«q,ioach has been used to increase the affinity of human growth hormone (hG^ 

for the growth hormone receptor over 1500 fold from 3.4 x 10"" to 9.0 x lO"" M 

(Lowman et al. (1993) J. Mol Biol. , 234: 564-578. 

Vh CDR3 occupies the center of the bindii« pocket, and thus mutations in 
this r^on are likely to result in an increase in affinity (Clacl^ 
267: 383-386). In one embodiment, four V„ CDR3 residues at a time are randomized 
usmg the nucleotides NNS. To create the library, an oligonucleotide is synthesized 
which amieals to the C6.5 V„ framework 3 and encodes V„ CDR3 ^ 

framework 4. At the four positions to be ramlomized. the sequence NNS is used where 
N = anyofthe4nucleotides,andS=CorT. Hie oligonucleotide are used to' amplify 
the C6.5VH gene using PGR. creating a mutant C6.5VH gene repertoire. PGR is used 
to sphce ti« VH gene repertoire with the C6M13-9 light chain ge«^ 
sFv gene r^ire cloned into the phage display vector pHEN-1. Ligated vector DNA 

is^used totransformelectrocompetent^ cofftoproduceapto^^^ 
1.0 X 10^ clones. 

MUwi,litaaiesBcoiKli««doi,d««a™gan ^ 
«lec«o««e««en«IibrbtaB.,««*B.2fc, EUSAo«96wenpta^. Stegte^ 

>i.aie se,uen«d. «d each unique d=y subdoned ii.tt,pUCn9 SfiNoOnjrcHU. Stag). 
cl«^n IV i,e,q,«s«italLculu«s,««, purified as descriW^^^ Aiauteof 
P««i.-^ «d«cnuin.dbyBIAc<^ H-Oo^iz^ion o, one .dd 
of V. CDR3 produces a C6 mutant wifl, a K„ of 1.6 x lO"" M (see Btample 3). 
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M> In vitro cell hindino assays, in vivn nhflrmftcnlclf»>t|f flu d biodistribution 
Studies . 

Once higher afiinity sFv's are identilfied, production is scaled up to 
provide adequate material for in vitro cell binding assays and in vivo pharmacokinetic 
5 and biodistribution studies. Techniques for scaling up production are known. Briefly, in 
one emlKxiimmt, sFv is e}q>ressed in £. coli cultures grown in 2 lit^ shaker flasks. 
Single-chain Fv is purified from the pmplasm as described above and in Examples 1 and 
2. Mutant sFv of higher afiinity are tested using the cell retention assay described in 
Examples 1 and 2. Since the of retention should be approximately two hours when 

10 k«ir is less than 10^, the assay is done at 30, 60, 120, 240 minutes and 18 hour 
incubations. Scatchard analyses may be performed on selected samples. 

These studies show that affinities measured in the BlAcore on immobilized 
antigen correspond to improved cdl binding. The pharaoacokinetic and biodistribution 
properties of sFv molecules with broadly different affinity characteristics are screened 

IS using labeled sFv and scid nuce bearing human SK-OV-3 tumors. This serves to identify 
molecules with tn vivo properti es that make them unsuitable for use as therqieutics 
une^)ected aggregation, or unacceptable normal organ retenticm properties. 

Twraty four hour biodistribution results are convmirat indicators of 
overall biodistribution properties. C6 antibodies, for example C6.5 mutants, with 

20 affinities between 1.6 x 10"^ M and LO x la" 1^1, and which differ at least 3 to 4 fold in 
affinity, are scremed. Mutants with similar but with di^imilar k^ are also smdied. 
A number of C6.S soies affinity variants are tested and more extensive biodistribution 
studies performed on molecules that differ significantiy from C6.S or the nearest affinity 
variant in 24 hour biodistribution characteristics. These data are used to generate 

25 tissue-specific AUC determinations, as well as tumonnormal organ AUC ratios and 
MIRD estimates. 

Sample molecules associated with fiivorable predicted human dosimetry 
(e.g., based upon the MIRD formulation) are assayed for their in vivo th«apeutic 
efficacy in mice. 

30 An affinity of 1.0 x 10"" can be chosen as an midpoint in this preferred 

embodiment because the associated (10^) results in a t|/2 for dissociation from tumor 
of greats than 20 hours. Higher affini^ radpoints can be selected and result in even 
longer ret»ition. The for dissociation of C6.S is s^roximately 3 minutes. This 
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inventicm pn,vides optinuzed techniques for Coating 

hbianes and techniques for efSdentiy selecting higher affinity mutants ftom these 
Ixbianes. A number of C6.5 mutants ^th affinities between 1.6 x ia« M to 1 0 x la" 
M are provided. Combining these mutations into the same sPv produces sPv mutants 
with Ka between 1.6 x 10-*°M and 3.3 x 10"" M. 

C«aitfibo<fasuchasC6.5sPv,(»a«tti>mwiihliiglwaffiiiiiy are 

c«atedfi»mltepTOMa=vasdescrib«Iab<»«and taE«n.pleJ. An cm be 
"eal.d by «ddBg leh sPv gene, e.«.. yAm Ncol »d NbU ftom pHEM-1 orpUClW 

Sfi.Nom5«Hi.aKl Cloned intt,pUCU9C6.5mycCysHB.c««ifl, Ned arf i, oiK 
embodime«.e,«siedsFv-hasamyc««au>eC.tt™n«s.foll«™dby2^^ . 
cyaeine. »d«Idsadines 10 fiuffltaepuriflc.^. After di«d^ ' 
beh«en eyaetae residues, tte two SPv shooW be 

26«nno«,ds(e.,..h„n;^^„,„^^^^^j SPvise^essed 

ftom «us»«n«a,dp„d«»d. To p,od.ce (sFv-JZ di„«,, cysWne is «.„ced by 
■-*«^wi«,,Mmbe«™^«^^ 

Of DTOB. Blocked and nnbloelced aPv ^ incub^ed »geU«r .o fom, (.FV». „Meb is 
-nns ,H««h was used p^tace ai.5 (sFv-)2 din«r. wbich demo^dales a 

C6L1 (Kj -2.5i 10*M)andC6MI3-9(K. ■= lOi l(y»vn i.uv 

» (»s i-u X M). As higher affinity sFv 

become avaUable, their genes are similariy used lo eonstruct (sPv-l,. 

A>«n»tively, C6 (SPv), can be produced by linking .he two SFV by a 

pq*de. as described in E«m^ 5. AS higher affinity SPV become available ft^ 
can be used to construct higba afSnity (sFv),. 

C6.5 based Fab are expressed in E COB using an expression vector sintfto 
to the one described by Better er. o/. (Better « ^ (1988) 240: 1041-1043) To 

««.c .« J based Fa,, VH atd VL genes are ampMed ftom ate SPv using PCR 
lie VH gene is Cloned into a PUCU9 b«ed bactetial exptession vector whK^^ 

the hum^tlgO CHI d«»dn downstream flon,,»,d in ftame with, the V, gene Ihe 
vector also contains the 1«, ptomoter. a pelb leader sequence to direa exptessed Vr^^ 
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domain into the periplasm, a gene 3 leader sequence to direct expressed light diain into 
ttie periplasm, and cloning sites for the light chain gene. Clones containing the correct 
VH gene are identified, e.g., by PGR fingerprinting. The gene is spliced to the Q 
goie using PGR and cloned into tiie vector containing the Vh CHI gene. 

m. Prenamtlon nf Chim eric Molecules 

Li anoUio- embodiment this invention provides for chimeric molecules 
comprising a C6 antibody attached to an effector molecule. As explained above, the 
Sector molecule component of ttie chimeric molecules of this invention may be any 
molecule whose activity it is desired to deliver to cells that express c-erbB-2. Suitable 
effector molecules include cytotoxins such as PE, Ricdn, Abrin or DT, radionuclides, 
ligands such as growth £actors, antibodies, detectable labels such as fluorescent or 
radioactive labels, and therapeutic compositions such as liposomes and various drugs. 

A) Cvtotmciiw. 

Particularly preferred cytotoxins include Pseudamonas exotoxins, 
DipMieria toxins, ridn, and abrin. Pseudamonas exotoxin and DipAteria toxin, in 
particular, are frequently used in chimeric cytotoxins. 

n Pseudomonas eyntmrin fPp)) 

Pseudamonas exotoxin A (PE) is an extremely active monomoic protdn 
(molecular wdght 66 kD), secreted by Pseudomonas aeruginosa, which inhibits protein 
synthesis in eukaryotic cells through the inactivation of elongation factor 2 (EF-2) by 
catalyzing its ADP-ribosylation (catalyzing die transfer of the ADP ribosyl moiety of 
oxidized NAD onto EF-2). 

The toxin contains three structural domains that act in concert to cause 
cytotoxicity. Domain la (amino acids 1-252) mediates ceU binding. Domain H (amino 
adds 253-364) is responsible for translocation into the cytosol and domain m (amino 
adds 400-613) mediates ADP ribosylatioh of elongation fector 2, which inactivates the 
protein and causes cell death. The function of domain lb (amino adds 365-399) remains 
undefined, altiiough a large part of it, amino acids 365-380, can be deleted without loss 
of cytotoxidty. See Siegall et al., J. Biol. Oiem. 264: 14256-14261 (1989). 
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sequence .o *. „^ ^ ^ ^^^^ ^ , 

c3«-,.fu^c.„, Which h.v.b»nfc™,„,«^„ 

»C«de. 8EDUC ^ve PE,. »EDL. ROEL. <. KDEL. >^ of UK«e ^1, 

I7376-I7381 (1991). 

The ^ en«,i..« ^ ^ ^ ^ ^ 

v« wiwjomg the C6 chimenc molectiles. EspedaUv deierinnc 
o, ™, be ^ or in . linlccr cc^^a., „ 3^^'^;^ 

^ c,*«».icl.y 0, *e «^ ^ ^ ^ 

Pa«c„h..y»„i«*tov,*^.„^.^„,ii^,^^ ■y.ha.n-ie^eo, 
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g) piphthgria (DT). 

like PE, diphtheria toxin (DT) Idlls cells by ADP-ribosylating elongation 
factor 2 (EF-2) thereby inhibiting protein synthesis. Diphtheria toxin, however, is 
divided into two chains, A and B, linked by a disulfide bridge. In contrast to PE, chain 
5 B of DT, which is on the carboxyl end, is responsible for recq>tor binding and chain A, 
which is presmt on the amino end, contains the enzymatic activity (Uchida et al,, 
Science, 175: 901-903 (1972); Uchida ef al. J. BioL Chem., 248: 3838-3844 (1973)). 

The targeting molecule-Diphtheria toxin fusion proteins of this invention 
may have the native receptor-binding domain removed by truncation of die Diphtheria 
10 toxin B chain. DT388, a DT in which the carboxyl terminal sequence begiiming at 

residue 389 is removed is illustrated in Chaudhary, et al., Bioch. Biophys. Res. Comm., 
180: 545-551 (1991). 

Like the PE chimeric cytotoxins, the DT molecules may be chemically 
conjugated to the C6 antibody but, may also be prqnred as fusion proteins by 
15 recombinant means. The graes oicoding protein chains may be cloned in cDNA or in 
gfflomic form by any cloning procedure known to those skilled in the art. Methods of 
cloning genes encoding DT fused to various ligands are also well known to those of skill 
in the art. See, for example, ^Wlliams et al. J. BioL Chem. 265: 11885-11889 (1990) 
which describes the expression of growth-factor-DT fusion proteins. 
20 The term "Diphtheria toxin* (DT) as used herein refers to full length 

native DT or to a DT that has been modified. Modifications typically include removal of 
the targeting domain in the B chain and, more specifically, involve truncations of the 
carboxyl region of the B chain. 

25 B) Detectable Iflbeh. 

Detectable labels suitable for use as the effector molecule componmt of 
the chimeric molecules of this invmtion include any composition detectable by 
spectroscopic, photochemical, biochemical, immunochemical, electrical, optical or 
chemical means. Useful labels in the present invention include magnetic beads {e.g. 

30 Dynabeads™), fluorescCTt dyes (e.g., fluorescein isothiocyanate, texas red, riiodamine, 
green fluorescent protein, and the like), radiolabels (e.g., ^H, ^S, "C, or ^^), 
mzymes (e.g., horse radish peroxidase, alkaline phosphatase and others commonly used 
in an ELISA), and colorimetric labels such as colloidal gold or colored glass or plastic 
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(e.g. polystyi«„e, polypxopylene. latex, ere.) beads. Patents teachmg the use of such 

^ colodn^wc Jaws ^ ^ ec^. 

™^ of ™„,™e cdU. Chi„,«rtc »«Uzi^ «^ „^ 

-1*2. Suuabte ^^bodie, «ul ,„ „ ^ ^^^^^^ 
■iKaiide,bnt«eiiot]iiiiiiedio,n,2 IL-t n ■» - m me m and 

P) Qlhfr WiiT.t».rtfr -iBirOr;, 

'«=«»'a«tion systems conteintag various . s«»"w™s or 

imvl«.«=oh-iH- .. 8 """"Plam^gual agents. Hiiis, d» C6 anttbody 

system sue. ^'T*^'"'^'^"^"^"^""'^^ 
su.* as a l^me „ micene d« ostein, a d»^de comp«^^ 

l^x»omesamchedto«,dbodiesa»«ntao«,«,d,«e„fskffltad„a« sTT^ 
«an?>le,U.S.fctentNo 4 9S7TK.„-r. , "> ™= >«. See, fcr 

(1985). ".SW-WS «H) C«mor « «t. nam. Iher., 2S: 341-365 
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F> AttiichTneiit of the c6 antibody to the g gfector molecule . 

One of skill will appreciate that the C6 antibody and the effector molecule 
may be joined together in any order. Thus the effector molecule may be joined to either 
the amino or carboxy termini of the C6 antibody. The C6 antibody may also be joined to 
5 an internal region of the effector molecule, or conversely, the effector molecule may be 
joined to an internal location of the C6 antibody as long as the attachment does not 
interfere with the r^pective activities of the molecules* 

The C6 antibody and the effector molecule may be attached by any of a 
numba of means well known to those of skill in the art. Typically the effector molecule 
10 is conjugated, either directly or through a linker (spacer), to the C6 antibody. However, 
where the effector molecule is a p61ypq>tide it is preferable to recombinantly express the 
chimeric molecule as a single-chain fusion protein. 

i) Conlueation of the effector molecule to the tanyi^t^g |iift|fniif , 
IS In one embodiment, die targeting molecule C6 antibody is chemically 

conjugated to the effector molecule (e.g. a cytotoxin, a label, a ligand, or a drug or 
l^some). Means of chemically conjugating molecules are well known to those of skill 
(see, for example. Chapter 4 in Monoclomd Antibodies: Principles and Applications, 
Birch and Lennox, eds. John Wiley & Sots, Inc. N.Y. (1995) which describes 
20 conjugation of antibodies to anticancer drugs, labels including radio labels, oizymes, and 
the like). 

The procedure for attaching an agent to an antibody or other polypeptide 
targetmg molecule will vary according to the chemical structure of the agent 
Polypeptides ^ically contain variety of functional groups; e.g. , carboxylic acid (COOH) 
25 or firee amine (-NH2) groins, which are available for reaction with a suitable functional 
group on an effector molecule to bind the effector thereto. 

Alternatively, the targeting molecule and/or effector molecule may be 
derivatized to expose or attach additional reactive functional groups. The derivatization 
may involve attachment of any of a numt>er of linker molecules such as those available 
30 from Pierce Chemical Company, Rockford Illinois. 

A "linker", as used herdn, is a molecule that is used to join the targeting 
molecule to the effector molecule. The link^ is equable of forming covalent bonds to 
both the targeting molecule and to the effector molecule. Suitable linkers are well known 
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to to B» „ ,^ ^ ^ ^ ^ 

c.*o«li.a»«.I««<^cartx,„ Itake«,orp^]tatos. Wh«cftea^ 

cOData««tantao«=id«tlm»ghlhdrddeg™ups («•«., ttaough. disulfide Ii«tage to 
Orstdne). However. i„ a pKfe^d en*odima.t. fte li-te, «in be Joined to *e alpha 
caibon aiidito and outKwyl groins of tlie lenniiial ami^ 

A biftncdonal Iin]« taving ^ ft,,^ ^ 

. pa«««lar agea, and ano«» i^™^ ««ive Witt, «, anSbody, n.^ be naed to .to 
d«™dln,manooo.y„jatt. Ate^dvely, dedvatato n«y Invoh, cl»nncal 
of ttetargedng m61«:„le. e.i.. glycol cle«^ 

»U»ay»i«iperiodate to genenae fee aldehyde g»,.ps. -tte ftee aldehyde g™.p. „, 
U» anybody n»y be «actod «i* i« andne or.hyd^^ g^, ™ „ ^ ^ ^ 

agen.4e«.. (S«>U.S. Paton, No. 4,671.958). P,.cedu« fer genendon of fee 
, »;f*)^l*™1»"l«^yp*ade.suchasantfbodiesor.nab«lyfta^ 
15 Imown (See n.S. Pat. No. 4.659.839). 

Many piDcedure and Hato niolecides te aaadinient <rf wri«^ 
con,»u«ds inchHBng BdionucUde nKW cheb^s. torins «Ki dn^s to p««^ 
an«»>die» a» taown. see. for e«n^ AppIie«io. No. 188.256, 

U.S. Paton. Nos. 4.671.958. 4.659.839. 4,414.148. 4.699,784; 4.680.338; 4469.789- 
«»i4.589.071:andBodingh«„«^.a««,j^„7,^,^^j,^^^ V 

■nc^pomed be^inbyrefacnce. Inpartieubr. p™i„«ic„,,vario«.i.™ntotoxinsis 
wen-inown ^ tt„ .„ ^ ^ J. ^ ^ .^^^^ 

To™ Conjugal; Ain^g fte Magic B„ll«.. t»<^ „ ^ 

25 (1991), U.S. Patent Nos. 4,545,985 and 4,894,443. 

In some circumstances, it is desirable to ftee the effector molecule ftom 
the targeting molecule when the chimeric molecule has reached its target site. Tl^refore 
dumerK: conjugates comprising linkages which are deavable in the vicinity of the target 
^^-y^^-^whentheeffectoristober^leasedatti^^ 
in^l^ge to release the agent ixom the antibody may be prompt 
condxtu>ns to which the immunoconjugate is subjected either inside the target ceU or in 
the vudnity of the target site. When the target site is a tumor, a linker which is 
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deavable under conditions present at the tumor site (e.g. when exposed to tumor- 
associated oizymes or acidic pH) may be used. 

A number of differrait deavable linkm are known to those of skill in the 
art See U.S. Pat. Nos. 4,618,492; 4,542,225, and 4,625,014. The mechanisms for 
5 release of an ag«it from these linker groups include, for example, irradiation of a 

photolabile bond and acid-catalyzed hydrolysis. U.S. Pat. No. 4,671,958, for example, 
includes a description of inomunoconjugates comprising linkers whidi are cleaved at the 
targetsitemvjvv by the proteolytic enzymes of the patient's complement Systran. In 
view of the large numbo: of methods that have beoi zeported for attaching a variety of 
10 ladiodiagnostic con^unds, radiotherapeutic compounds, drags, toxins, and other agents 
to antibodies one skilled in die art will be able to determine a suitable method for 
attaching a given agent to an antibody or other polyp^tide. 

in Piroduction of fmsion proteins. 
15 Where the C6 antibody and/or the effector molecule are rdatively short 

(i.e. , less than about 50 amino adds) they may be qmthesized using standard diemical 
peptide synthesis techniques. Where both mdecules are relatively short the chimeric 
molecule may be synthesized as a angle contiguous polypeptide. Alteniatively 0ie C6 
antibody and the effector molecule may be synthesized separatdy and thai fused by 
20 condraisation of the amino terminus of one molecule with die caiboxyl terminus of the 
other molecule thereby forming a pq>tide bond. Alternatively, the targeting and effector 
molecules may each be condensed with one end of a pq>tide spaco- molecule thei^y 
forming a contiguous fusion protein. 

Solid phase synthesis in which the C-terminal amino add of the sequence 
25 is attached to an insoluble support followed by sequential addition of the remaining 
amino adds in the sequoice is the preferred method for the chemical synthesis of the 
polypq)tides of this invoition. Techniques for solid idiase synthesis are described by 
Barany and Meirifidd, SoUd-Phase Pq>tide Synthesis; pp. 3-284 in The Peptides: 
Analysis, Synthesis, Biology. Vol. 2: SpedaJ Methods in Peptide Syrufiesis. Pan A., 
30 Meirifidd, et al. J. Am. Chem. Soc., 85: 2149-2156 (1963), and Stewart et al., SoUd 
Phase Peptide Synthesis, 2nd ed. Pierce Chem. Co., Rockford, lU. (1984). 

In a preferred embodimoit, the chimeric fusion jnoteins of the presoit 
invention are synthesized using recombinant DNA methodology. Generally this involves 
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creating a DNA sequence that encodes the fusion pmtein, placing the DNA in an 
expression cassette under the control of a particular promoter, expressing the protein in a 
host, isolating the expressed protein and. if required, renaturing the protein. 

DNA encoding the fusion proteins (e.g. C6.5Ab-PE) of this invention may 
5 be prepared by any suitable method, including, for example, cloning and restriction of 
appropriate sequences or direct chemical synthesis by methods such as the 
phosphotriester method of Narang et al. MeOi. Enzymol. 68: 90^ (1979); the 
phosphodiester method of Brown er of.. MeOu EnzymoL 68; 109-151 (1979); the 
dietiiylphosphoramidite method of Beaucage et al., Tetm. Lett., 22: 1859-1862 (1981); 
10 and the solid support method of U.S. Patent No. 4,458,066. 

Caemical synthesis produces a single stranded oligonucleotide. IWs may 
be converted into double stranded DNA by hybridization with a complemM^ 
sequence, or by polymerization with a DNA polymerase using the single strand as a 

template. One of skiU would recognize that while chemical synthesU of DNA is limited 

to sequences of about 100 bases, longer sequences may be obtained by the ligatte^ 
Sorter sequoices. 

Alternatively, subsequences may be cloned and the appropriate 
subsequences cleaved using appropriate restriction enzymes. THe ftagments may then be 
ligated to produce the desired DNA sequence. 

Li a preferred embodiment. DNA encoding fusion proteins of the present 

mvention may be cloned using DNA amplification methods such as polymerase chain 
reaction (PGR). Thus, for example, the gene for the C6 antibody may be amplified ftom 
a nucleic acid template (done) using a sense primer containing a first restriction site and 
an antisense primer containing a second restriction site. Ttds produces a nucleic add 
encoding the mature C6 antibody sequence and having terminal restriction sites.. A 
cytotoxin (or other polypeptide effector) may be cut out of a plasmid encoding that 
effector using restriction enzymes to produce cut ends suitable for amiealing to the C6 
antibody. ligation of the sequences and introduction of the construct into a vector 
produces a vector encoding the C6^ffector molecule fusion protein. Such PGR doning 
methods are wdl known to those of skill in the art (see. M exan^le, Debinski et al Im 
J. Cancer, 58: 744-748 (1994), for an example of the preparation of a PE fusion 
pTotdn). 
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While the two molecules may be directly joined together, one of skiU will 
s^ieciate that the molecules may be separated by a pq>tide spacer consisting of one or 
more amino acids. Generally the spacer will have no specific biological activity other 
than to join the protmns or to preserve some minimum distance or other spatial 
5 relationship between tfiem. However^ the consdtumt amino acids of the spacer may be 
selected to influmce some prop^ty of the molecule such as the folding, net charge, or 
hydrpphobicity. One of skill will appreciate that PGR primers may be selected to 
introduce an amino add linker or spacer tietween the C6 antibody and the effector 
molecule if desired. 

10 The nucleic add sequences encoding the fusion proteins may be e3q>ressed 

in a variety of host cells, induding E. coU, other bacterial hosts, yeast, and various 
higher ieukaryotic cdls such as the COS, CHO and HeLa cells lines and myeloma cell 
lines. The recombinant protdn gene will be operably linked to appropriate escpression 
control sequCTces for each host. For E. cott this indudes a promoter such as the T7, 

15 tip, or lambda promoters, a ribosome binding sileSd preferably ai transcription 

termination signal. For eukaiyotic cdls, the control sequeiu:es will include a promoter 
and preferably an enhancer derived from immunoglobulin genes, SV40, cytom^alovirus, 
etc., and a polyadmylation sequence, and may include splice donor and acceptor 
sequences. 

20 The plasmids of the invention can be transftrared into the chosm host cell 

by well-known methods such as caldum chloride transformation for E. coli and caldum 
phosphate treatment or electrpporation for mammalian cells. Cells transformed by the 
plasmids can be sdected by resistance to antibiotics conferred by genes contained on the 
plasmids, such as the amp, gpt, neo and hyg gmes. 

25 Once expressed, the recombinant fusion proteins can be purified according 

to standard procedures of the art, including ammonium sulfate precipitation, affinity 
colunms, column chromatogr^hy, gd dectrophoresis and the like {see^ generally, R. 
Scopes, Protein Purification, Springer-Verlag, N.Y. (1982), Deutscher, Methods in 
Enzymology Vol 182: Guide to Protein Purification., Acadenuc Press, Inc. N.Y. 

30 (1990)). In a preferred embodiment, the fusion proteins are purified using affinity 

purification methods as described in Examples 1 and 2. Substantially pure compositions 
of at least about 90 to 95% homogendty are preferred, and 98 to 99% or more 
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homogeneity are most prefetied for pharmaceutical uses. Once purified, partially or to 
homogoieity as desired, the polypeptides may then be used therapeutically. 

One of skill in the art would recognize that after chemical synthesis, 
biological expresMon, or purification, the C6 antibody-«fiEKtor fusion piote^ 
5 possess a conformation substantially different than tbe native confomjations of the 
constituent polypqrtides. In this case, it may be necessary to denature and reduce the 
polypeptide and tiien to cause the polypeptide to re-fold into the preferred conformation. 
Methods of reducing and denaturing proteins and inducing le-folding are well known to 
tiiose of skin in die art. (See, Debinski et al. /. Biol. Chem. , 268: 14065-14070 (1993); 
10 Krdtman and Pastan, Biocoryug. Chem. , 4: 581-585 (1993); and Buchner, et al. , Anal. 
Biochem., 205: 263-270 (19W). Ddiinski etaL.fot exan^le, describe the denaturation 
and reduction of inclusion body protons in guanidine-DTE. The protein is then refolded 
in a redox buflEer containing oxidized glutathione and L-arpnine. 

One of skill would recognize that modifications can be made to die C6 
antibody-effectbr fusion proteins withom dintinishing tf^ Some 

modifications may be made to feoKtate the cloning, oq»ression. or incoq^ 
targeting molecule into a fusion protein. Such modifications are wdl known to tiiose of 

skiU in flie art and indude, for example, a metMonine added at tiw amino terminus to 

provide an initiation site, or additional amino acids placed on eitiier terminus to cre^ 
20 convenienfly located restriction sites or termination codons. 

IV. Diagnostir Aw^yff, 

As explained above, tile C6 antibodies may be used for tile in WW or i/i 
vitro detection of o^B-2 and tiius, in die diagnosis and/or localization of cancers 
25 diaiacterized by the expression of c-erbB-2. 

A) In Vivo Detectinn nf ^'-frfiH-?, 

The C6 antibodies and/or chimeric molecules of tiie present invention may 
be used for in vfvo detection and localization of cdls (c.g. c-erbB-2 positive cardnom 
bearing c-ert>B-2. Such detection involves administering to an organism a chimeric 
molecule comprising a C6 joined to a label detectable in vivo. Such labels are weU 
known to tiiose of skill in tiie art and include, but are not limited to, electron dense 
labels such as gold or barium which may be detected by X-iay or CAT scan, various 
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radioactive labels that may be detected using scintillogn^hy, and various magnetic and 
paramagnetic materials that may be detected using positron emission tomography (PET) 
and magnetic resonance imaging (MRI). Hie C6 antibody associates the label with the c- 
eibB-2 bearing cell which is then detected and localized using the appropriate detection 
5 method. 

B> In Vitro Detection of iserbB-2, 

The C6 antibodies of this invention are also useful for the detection of c- 
eibB-2 in vitro e.g. , in biological samples obtained from an oiganism. The detection 
10 and/or quantification of c-eibB-2 in such a sample is indicative the presenoe^or absence 
or quantity of cells (e.g., tumor cells) overexpressing c-eib&-2. 

The c-erbB-2 antigen may be quantified in a biological sample derived 
from a patirat such as a cell, or a tissue sample dmved from a patient. As used herein, a 
biological sanq>le is a sample of biological tissue or fluid that contains a c-erbB-2 antigra 
15 concmtration that may be correlated with and indicative of cells over^q)ressing c-eibB-2. 
Prefored biological samples include blood, urine, and tissue biopsies. 

Li a particularly preferred embodimmt, erfoB-2 is quantified in breast 
tissue cdls derived from normal or malignant breast tissue samples. Although the 
sample is typically.taken from a human patioit, the assays can be used to detect erbB-2 
20 in cells from mammals in general, such as dogs, cats, sheq>, cattle and pigs, and most 
particularly primates such as humans, chimpanzees, gorillas, macaques, and baboons, 
and rodoits such as mice, rats, and guinea pigs. 

Tissue or fluid samples are isolated from a patioit according to standard 
methods well known to those of skill in the art, most typically by biopsy or 
25 venipuncture. The sample is optionally pretreated as necessary by dilution in an 

appropriate buffer solution or concentrated, if desired. Any of a numb^ of standard 
aqueous buffer solutions, employing one of a variety of buffers, such as phosphate, 
Tris, or the like, at physiological pH can be used. 
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O AawY Fonpate fiMprfton or n..»«t ffif, ition nf 
i) Tmniiinoiogigai Pintffnf ATrrm-rf 

The c-«bB-2 peptide (analyte) or an anti^^2 antibody is pief^^^ 
detected in an inununoassay utilizing a C6 anti^^ 

binds to a c-erbB-2 peptide. ^ 
As used herein, an immunoassay is an assay that utilizes an antibody (e 2 
a C6 antibody) to specifically bind an analyte(e.^.. 0^2). Hie immunoassay is 
d^terized by the use Of specific bind^ 

or Chemical properties to isolate, target, and quantify the c-^^^ 

The c-erbB-2 marker may be detected and quantified using any Of a 
number of weU recognized immunological binding assays. (See for example U S 
Pat^ 4.366 241; 4.376.110; 4,517.288; and 4.837.168. which are hereby Ina^ 
by ^ference.) For a review of the general immunoassays, see also Af«r*«^ 

To^l^TJ'' ^' inc. New 

York (1993); Banc and Clinical Inununology 7th Edition. Stiles & Terr, eds (1991)) 

The immunoassays of the present invention are performed in any of 

CRC Press, Boca Raton, Florida; Tijan (1985) -Pmctice and Tluory of Enzyme 
'^-^--^y^^'^rau.ryTecHni^inBloci^nyandM esevier 
Science Publishers B.V.. Amsterdam; Harlow and Une. .1^.; Chan (ed.) (191^ 
^ Praoicai Guide Academic Press. Orlando. FL; Pri<» and Newl 

T) ( r8f ^^^^^^ r ^-^"^^ ^^"^ Ngo 

(cdj (1988) Woli BwqpK iamiBoaijoy, Henom Press, NY. 

I«™™^ys<rf.en utilize a labdi.^^,,;,^^ 

e*B.2 p^. ^ ,^3., peptide complex. a Jia^ 

«P«ne group (e.,., Motin, ^ ^ ^ ^ ^ ^ 

I« «» enrtxxlm«nt, fl» labding ageat is an antiTxrfy to spedficafly 
buK.s«.ti„C6.atiWy. such a^en. are weu^.^e/^/^:^ 
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most typically comprise labeled antibodies that specifically bind antibodies of the 
particular animal species ftom which the C6 antibody is derived (e.g., an anti-spedes 
antibody). Thus, for example, where the capture agent is a human derived C6 antibody, 
the label agrat may be a mouse anti-human IgG, Le., an antibody specific to the constant 
S region of the human antibody. 

Othn proteins capable of specifically binding immunoglobulin constant 
regions, such as streptococcal protdn A or protein O are also used as the labeling agent. 
These proteins are normal constituents of the cell walls of streptococcal bacteria. They 
exhibit a strong non immunogenic reactivity with immunoglobulin constant regions from 

10 a variety of species. See, generally Kronval, eial., (1973)7. Immunol, 111:1401-1406, 
and Akerstrom, etdl., (1985)/. Immunol, 135:2589-2542. 

Throughout tfxe assays, incubation and/or washing steps may be required 
after each combination of reagents. Incubation steps can vary from about 5 seconds to 
several hours, prefoably from about 5 minutes to about 24 hours. However, the 

15 incubation time will depmd upon the assay format, analyte, volume of solution, 

concoitrations, and the like. Usually, the assays are carried out at ambint temperature,^ 
although they can be conducted over a range of temperatures, such as 5*C to 45 ^C. 

(a) Non competitive »<eyfnY fftf^ts, 

20 Immunoassays for detecting c-erb-2 are typically either competitive or 

noncompetitive. Noncompetitive immunoassays are assays in which the amount of 
captured analyte On this case, c-eib-2) is directiy measured. In one preferred 
"sandwich" assay, for example, tiie capture agent (e.^., C6 antibody) is bound directiy 
or indirectiy to a solid substrate whm it is immobilized. These immobilized C6 

25 antibodies capture c-erb-2 presrat in a test sample {eg., a biological sample derived 
from breast tumor tissue). The c-erb-2 thus immobilized is then bound by a labeling 
agent, such as a second c-erb-2 antibody bearing a label. Altemativdy, the second 
antibody may lack a label, but it may, in turn, be bound by a labeled tiiird antibody 
specific to antibodies of the species from which the second antibody is derived. Free 

JO labded antibody is washed away and tfie remaining bound labeled antibody is detected 
{e.g, , using a gamma detector where the label is radioactive). One of skill will 
appreciate that the analyte and capture agoit is optionally reversed in the above assay. 
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e.g, . when the presence, quantity or avidity of a C6 antibody in a sample is to be 
measured by its binding to an immobilized c-eib-2 pq)tide. 

(b) Comnerttivg a«»Y fftrmntrf, 
In competitive assays, the amount of analyte {e.g., c^^2S present in the 
sample is measured indirectly by measuring the amount of an added (exogenous) analyte 
displaced (or competed away) from a capture agent ie.g. , C6 antibody) by the analyte 
present in the sample, m one competitive assay, a known amount of c-eib-2 is added to 
a test sample with an unquantified amount of c^B-2. and the sanqrfe is contacted with 
a capture agent, e,g., a C6 antibody that spedficaUy binds c^2. TTie amount of 

added c-erbB.2 which binds to the C6 antibody is inversely prp^onal to the 
concentration of c-crbB-2 present in the test sample. 

lUeCe antibody can be immobilized on a solid substrate. H,e amount of 
erbB-2 bound to the C6 antibody is det^ed either by measuring the amount of erbB-2 
present in an erbB-2<:6 antibody complex, or alternatively by measuring the amount of 
r«naining uncomplexed erbB-2. Similarly, in certain embodiments where die amount of 
erbB.2 in a sample is known, and the amount or avidity of a C6 antibody in a sample is 
to be determined, erbB.2 becomes die c^ture agent (eg. . is fixed to a solid substrate) 
and die C-6 antibody becomes die analyte. 

is) Rednrtion of ffmrffir ff inrftn r. 

^ ^°^^^^P««iatedua it is often desirable to reduce no^ 

bmdmg m immunoassays and during analyte purification. Where die assay involves c- 
erbB.2. C6 antibody, or odier capture agent immobilized on a solid substrate it is 
desirabletominimizedieamountofnonq^cificbindingtodiesubst^^ Kfcans of 
miudngsuchnonspedficbindingarewellknowntodioseofskillindieart. l^picaUy 
dus involves coating die substrate widi a proteinaceous composition. Inparticular 
Piotem compositions such as bovine serum albumin (BSA). nonfet powdered milk.'and 
gelatin are widely used. 
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(d) Substrates. 

As mentioned above, depaiding upon the assay, various components, 
including the eibB-2, C6 or antibodies to eibB-2 or C6, are optionally bound to a solid 
sui&ce. Many methods for immobilizing biomolecules to a variety of solid sur&ces are 
known in the art. For instance, the solid surface may be a membrane (e.g. , 
nitioceUulose), a microtiter dish {e.g., PVC, polypropylene, or polystyrene), a test tube 
(glass or plastic), a dipstick {eg. glass, PVC, polypnjpylene, polystyrene, latex, and the 
like), a microcentrifuge tube, or a glass, silica, plastic, metallic or polymer bead. The 
desired component may be covalaitly bound, or noncovaloitly attached through 
nonspecific bonding. 

A wide variety of organic and incnganic polymers, both natural and 
synth^ may be enq»loyed as the material for the solid sur&ce. Illustrative polymers 
include polyefliylene, polypropylene, poly(4-meUiylbutene), polystyrene, 
polymethacryhite, poly(ethylene terephthalate), rayon, nykm, poly(vinyl butyiate), 
polyvinylidene difluoride (PVDF), silicones, polyformaldehyde, cellulose, ceUulose 
acetate, nitroceUulose, and the like. Other materials which may be employed, include 
paper, glassess, ceramics, metals, metallcrids, semiconductive materials, cements or the 
like. In addition, substances that form gels, such as proteins (e.g.. gelatins), 
lipqpolysaccharides, siHcates, agarose and polyacrylamides can be used. Polymers which 
form several aqueous phases, such as dextrans, polyalkylene glycols or surfactants, such 
as phospholipids, long chain (12-24 carbon atoms) alkyl ammonium salts and the like are 
also suitable. Where the solid surface is porous, various pore sizes may be employed 
dq)aiding upon the nature of the system. 

In preparing the surface, a pluraliQr of different materials may be 
employed, e.g., as laminates, to obtain various properties. For example, protein 
coatings, such as gelatin can be used to avoid non q)ecific binding, simplify covalent 
conjugation, enhance signal detection or the like. 

If covalent bonding between a compound and the surface is desired, the 
surface will usually be polyfimctional or be arable of being polyfimctionalized. 
Functional groups which may be present on the surface and used for linking can include 
carboxyUc acids, aldehydes, amino groups, cyano groups, ediylenic groups, hydroxyl 
groups, merc^to groups and the like. The manner of linking a wide variety of 
compounds to various surfaces is well known and is amply illustrated in the literature. 
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See, for exanq>le. Immobilized En^mes, Iddio Chibata, Wgi^t e d Press, New York, 1978, 
and Cuatiecasas, 7. Biol. Chem. 245 3059 (1970). 

In addition to covalent bonding, vanous mediods for noncovalenUy binding 
an assay compon«it can be used. Noncovalent binding is typically nonspedfic 
5 absozption of a compound to the surface. Typically, the sur&ce is blocked with a second 
compound to prevent nonq)ecific binding of labeled assay componoits. Alternatively, 
the sur£ace is designed such that it nonspedfically binds one compraioit but does not 
significantly bind another. For oample, a sur&ce bearing a lectin such as Concanavalin 
A will bind a catbohydiate containing compound but not a labeled protein Uiat lacks 
10 glycosylation. Various solid surfaces for use in noncovalent attachment of assay 
components are reviewed in U.S. Patent Nos. 4,447,576 and 4,254,082. 

ii) Other Assay Fffrgiate 

C-eibB-2 polypeptides or C6 antibodies and can also be detected and 
15 quantified by any of a number of other means wdl known to those of skill in the art 
These include analytic biochemical methods such as spectro^otom^, ladiqgr^hy, 
electrophoresis, capillary electrophoresis, high perfonnance liquid chromatography 
(HPLQ, thin layer chromatogr^hy (TLQ, hyperdiffusion chromatijgraphy, and the like, 
and various immunological methods such as fluid or gd precipitin reactions, 
20 immunodiffusion (single or double), imraunodectrophoresis, radioimmunoassays (SIAs), 
enzyme-linked immunosorbent assays (EUSAs), immunofluotescent assays, and the like. 

Western blot analysis and related methods can also be used to detect and 
quantify the presence of erbB-2 peptides and C6 antibodies in a sample. The technique 

25 graierally comprises separating sample products by gel eleciiophoiesis on the basis of 

molecular weight, transferring the separated products to a suitable soUd support, (such as 
a nitrocellulose filter, a nylon filter, or derivatized nylon filter), and incubating the 
sample with the antibodies that spedfically bind either the erbB-2 peptide or the anti- 
erbB-2 antibody. The antibodies specifically bind to the biological agent of interest on 

30 the soUd support. These antibodies are directly labeled or alternatively are subsequentiy 
detected using labeled antibodies ie.g., labeled sheq) anti-human antibodies viiiere the 
antibody to a marker gene is a human antibody) which spedficaUy bind to the antibody 
which binds either anti-abB-2 or erbB-2 as appropriate. 
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Other assay formats include liposome immunoassays (LIAs), which use 
liposomes designed to bind specific molecules (e.g., antibodies) and release encapsulated 
reagents or markers. The released chemicals are then detected according to standard 
techniques (see, Monroe et al., (1986) Amer. Clin. Prod. Rev. 5:34-41). 

iii) Labeling of C6 antihndies. 

The labeling agoit can be, e.g., a monoclonal antibody, a polyclonal 
antibody, a protein or complex such as those described herein, or a polymer such as an 
affinity matrix, carbohydrate or lipid. Detection proceeds by any known method, 
including immunoblotting, western analysis, gel-mobility shift assays, tracking of 
radioactive or bioluminescent markers, nuclear magnetic resonance, ^ectron 
paramagnetic resonance, stopped-flow spectroscopy, column chromatography, capillary 
electrophoresis, or other methods which track a molecule based upon an alteration in size 
and/or charge. The particular label or detectable group used in the assay is not a critical 
aspect of the invention. The detectable group can be any material having a detectable 
physical or chemical property. Such detectable labels have been weU-devdoped in the 
field of immunoassays and, in gmeral, any label useful in such methods can be applied 
to the present invention. Thus, a label is any composition detectable by spectroscopic, 
photochemical, biochemical, immunochemical, electrical, optical or chemical means. 
Useful labels in the presrat invention include magnetic beads (e.g. Dynabeads™), 
fluorescrat dyes (eg., fluorescein isotfaiocyanate, Texas ned, riiodamine, and the like), 
radiolabels (eg., ^, «S, "C, or «P), enzymes (e.^., LacZ, CAT, horse radish 
peroxidase, alkaline phosphatase and oOiers, commonly used as detectable enzymes, 
either as marker gene products or in an ELISA), and colorimetric labels such as colloidal 
gold or colored glass or plastic (eg. polystyrene, polypn>pyl«ie, latex, etc.) beads. 

The label may be coupled directly or indirectly to the desired componmt 
of the assay according to methods wdl known in the art. As indicated above, a wide 
variety of labels may be used, with the choice of label depending on the sensitivity 
required, ease of conjugation of the compound, stability requiremmts, available 
instrumentation, and disposal provisions. 

Non radioactive labds are often attached by indirect mrans. GMierally, a 
ligand molecule (e.g., biotin) is covalentiy bound to the molecule. The ligand then binds 
to an anti-ligand (e.g., streptavidin) molecule which is dther inhermfly detectable or 
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covalently bound to a signal system, such as a detectable enzyme, a fluorescent 
compound, or a chemiluminescent compound. A number of ligands and anti-ligands can 
be used. Where a Ugand has a natural anti-Ugand, for ejcample, biotin, thyiowne, and 
Cortisol, it can be used in conjunction with the labeled, naturally occurring anti-ligands. 
Altenatively, any haptenic or antigenic compound can be used in combination with an 
antibody. 

Hie molecules can also be conjugated direcfly to signal generating 
compounds, e.g. , by conjugation with an enzyme or fluorophore. Enzymes of interest as 
labels win primarily be hydrolases, particularly phosphatases, esterases and glycosidases, 
or oxidoreductases, particularly peroxidases. Huorescent compounds inchide fluorescein' 
and its derivatives, rhodamine and its derivatives, dansyl, umbelliferone, etc. 
Chemiluminescent compounds include ludferin, and 2,3-dihydrophthalarinaiiones, e.^., 
luminol. For a review of various labelling or signal producing systems which may be ' 
used, see, U.S. Patent No. 4,391,904, which is incorporated heion by reference. 

Means of detecting labels are weU known to those of skin in the art 
Tlius, for example, where the label is a radioactive label, means for detection include a 
sdntination counter or photographic film as in autoradiography. Where the label is a 
fluorescent label, it may be detected by exciting the fluorochrome with the apptopriale 
wavelength of light and detecting the resulting fluorescence, eg., by microscopy, visual 
in^tion, via photographic film, by the use of electronic detectors such as charge 
coupled devices (CCDs) or photomultipUers and the nke. SimUarly. enzymatic labels 

nuiy be detected by providing appropriate substrates for the enzyme and detecting the 
resulting reaction product. FinaUy, simple colorimetric labels may be detected simply by 
observing the color associated with the label. Thus, in various dipstick assays, 
conjugated gold oflen appears pink, whUe various conjugated beads appear the color of 
the bead. 

Some assay formats do not require the use of labeled components. For 
instance, agglutination assays can be used to detect the presence of C6 antibodies and C6 
antibody-erbB-2 peptides. In this case, antigen-coated particles are agglutinated by 
samples comprising the target antibodies. In this format, none of the components need 
be labeled and the presence of the target antibody is detected by simple visual inspection. 
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V. PhnrmncgMticfll Cnmpositions. 

The chimeric molecules of this invention are useful for parmteral, topical, 
oral, or local administration, such as by aerosol or transdranally, for prophylactic and/or 
therapeutic treatment. The pharmaceutical compositions can be administered in a variety 
of unit dosage forms dq)ending upon the method of administration. For example, unit 
dosage forms suitable for oral administration include powder, tablets, pills, capsules and 
lozmges. It is recognized that the fusion proteins and pharmaceutical compositions of 
this invention, when administered orally, must be protected from digestion. This is 
typically accomplished dther by complexing the protein with a composition to rmder it 
xemtant to acidic and enzymatic hydroly:ds or by packaging the protein in an 
^rppriately resistant carrii^ sudi as a liposome. Means of protecting proteins from 
digestion are well known in the art. 

The pharmaceutical compositions of this invention are particularly useful 
for parenteral administration, such as intravenous administration or administration into a 
body cavity or lumen of an organ. The compositions for administration will commonly 
comprise a solution of the chim^c molecule dissolved in a pharmaceutically accq>table 
carrier, preferably an aqueous carrier. A variety of aqueous carriers can be used, €.g. , 
buffered saline and the like. These solutions are sterile and gmraally free of undesirable 
matter. These compositions may be sterilized by convrational, well known stmlization 
teduiiques. The compositions may contain pharmaceutically acceptable auxiliary 
substances as required to approximate physiological conditions such as pH adjusting and 
buffering agents, toxicity adjusting agrats and the like, for example, sodium acetate, 
sodium chloride, potassium chloride, calcium chloride, sodium lactate and the like. The 
concmtration of chimeric molecule in these formulations can vary widely, and will be 
selected primarily based on fluid volumes, viscosities, body wdght and the like in 
accordance with the particular mode of administration selected and the patimt*s needs. 

Thus, a typical pharmaceutical composition for intravenous administration 
would be about 0.1 to 10 mg per patient per day. Dosages from 0.1 up to about 100 mg 
per patient per day may be used, particularly when the drug is administered to a secluded 
site and not into the blood stream, such as into a body cavity or into a lumen of an 
organ. Methods for preparing parenterally administrable compositions will be known or 
dppaicat to those skilled in the art and are described in more detail in such publications 
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as Remington's Phannaceudcal Science, 15th ed.. Mack Publishing Company. Easton 
Pennsylvania (1980). ' 

The compositions containing the present fusion proteins or a cocktaU 
thereof (i.e., with other proteins) can be administered for therapeutic treatments. In 

ther^tic applications, compositions are administered to a patient suffering 
disease, typically a c-«t,B-2 positive careinoma. in an amount sufficient to cure or at 
least partiaUy arrest the disease and its compUcations. An amount adequate to 
accomplish tins is defined as a -ti«rapeutically effective dose.- Amounts effective for 

fltis use wiU dq«nd upon the severity Of tiie disease and flie general state of ti,e patient 



10 healtii. 



Single or multiple administiations of tiie compositions may be administered 
depending on the dosage and frequency as required and tolerated by fl,e patient. In any 

event, tiie composition should provide a sufficient quantity of tiw proteins of tius 
invention to effectively treat the patient 

Among various uses of the cytotoxic fusion proteins of tiie present 
invention are induded a variety of disease conditions caused by 

maybeeliminatedbytitetoxicactionoftheprotein. One appHcation is the treatment of 
cancer, such as by tf« use of a C6 antibody attached to a cytotoxin. 

Another approach involves using a ligand fliat binds a ceU surfece marker 
(receptor) so tiie chimeric associates ceUs bearing tiie ligand substrate are associated with 
U»ec-erbB-2ov«expressing tumor ceU. Hie ligand portion of flie molecule is diosen 
according to ti« intended use. Proteins on die membranes of T cdls tiiat may serve as 
targets for ti,e ligand includes Fc^I. Fc^n and Fc^ni. CD2 (Til). CDS. CD4 and CDS 
Protems found predominanfly on B cells ti«t might serve as targets include CDIO 
(CALLA antigen). CD19 and CD20. CD45 is a possible target ti.at occurs broadly on 
lymphoid cells. These and otiier possible target lymphocyte target molecules for tiie 
chimenc molecules bearing a ligand effector are described in i^riii^^^^ AJ 
McMichael. ed.. Oxford University Press (1987). Those skilled in tiie art will realize ' 
ligand effectors may be chosen tiiat bind to recq,tors expressed on still otiier types of 
ceUs as described above, for example, membrane glycoproteins or Ugand or hormone 
receptors such as epidermal growtii fector receptor and tiie like. 
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VI. Kite For Diagnosk or Trt»fltiii«.ii» 

In another embodiment, this invention provides for kits for the treatment 
of tumors or for the detection of cells overexpressing c-«rt)B-2. Kits will typically 
comprise a chimeric molecule of ttie present invention {e.g. C6 antibody-label, C6 
antibody-cytotoxin, C6 antibody-ligand, etc.). In addition the Idts will typically include 
instructional materials disclosing means of use of chimeric molecule {e.g. as a cytotoxin, 
for detection of tumor oeUs, to augment an immune zesponse, etc.). The kits may also 
include additional components to &cilitate the particular application for which the kit is 
designed. Thus, for example, where a kit contains a chimeric molecule in which die 
effector molecule is a detectable label, the kit may additionaUy contain means of 
detecting the label {e.g. enzyme substrates for enzymatic labels, filter sets to detect 
fluorescent labsls,'appropriate secondary labels such as a sheq) anti-human antibodies, or 
the like). The kits may additionaUy include buffers and other reagents routinely used for 

the practice of a particular method. Such kits and ^jpropriate contents are weU known to 
15 tiiose of skill in the art 
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EXAMPLES 

The following examples are provided by way of illustration only and not 
by way of limitation. Those of skill will readUy recognize a variety of lioncritical 
parameters which could be changed or modified to yield essentiaUy similar results. 



bglfltign and Characterization of Tliinn^n ff ' lg^f - cfaaiii TVs Hi-nriinp ^-f'^t ??^7 
Mflteriah and M^^hnft<f; 

25 Preparation Cffc-erbB-2 ECD 

The antigen c-erbB-2 ECD with a Ser-Gly-HiSe C-terminal fusion was 
expressed ftom Chinese Hamster Ovary ceUs and purified by immobilized metal affinity 
dunmatography (IMAC). 

30 Phage preparation 

Phage were prepared from a phagemid library (3 x lOi' members) 
ejqnessing sFv as pm fusions on the phage surface (Marks et al. (1991) J. Mol. Biol. 
222:581-597). The Ubrary was created from a rqwrtoire of sFv genes consisting of 
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human heavy and light chain variable zegion (V^ and VJ genes isolated from the 
peripheral blood lymphocytes of unimmunized human volunteers. To lescue phagemid 
particles from the Ubrary, 50 ml of 2 x TY media containing 100 /tg/ml ampicillin and 
1 % glucose were inoculated with 10» bacteria taken from the frozen Ubiary glycerol 
5 stock. The culture was grown at 37»C with shaking to an A«o nm of 0.8, 7.0 x 10" 
colony formiiig units of VCS-MD (Stratgene) added, and incubation continued at 37''C 
for 1 h without shaking followed by 1 h with shaking. The cells were pelleted by 
centrifugation at 4500g for 10 min, resuspended in 200 ml of 2 x TY media containing 
100 /tg/ml ampicillin and 2.5 /*g/nil kanamydn and grown overnight at 37"C. Phage 
10 Pai^<^ were purified and concentrated by 2 polyethylene glycol precipitations ^ 
resuspended in PBS (25 mM NaHjPO^, 125 mM NaCl, pH 7.0) to approximately 10" 
transducing units/ml amjncillin resistant clones. 



15 



20 



Selection qf binding phage antibodies 

Phage expressing sFv which bound c-«bB-2 were selected by panning the 
phage Ubrary on immobilized c-erfoB-2 BCD (Marks et al. (1991) aqfra.). Briefly, 
immunotubes (Nunc. Maxisorb) were coated with 2 ml (100 /*g/ml) c-erbB-2 BCD in 
PBS overnight at 20'C and blocked with 2 % milk powder in PBS for 2 h at 37'C. 1 ml 
of the phage solution (approximately 10" phage) was added to the tubes and incubated at 
20»C with tumbling on an over and under turntable for 2 h. Nonbinding phage were 
eliminated by sequential washing (15 times with PBS containing 0.05% Tween foUowed 
by 15 times with PBS). Binding phage were then eluted from the immunotubes by 
adding 1 ml of 100 mM tiiethylamine, incubating finr 10 min at 20'*C, transferring the 
solution to a new tube, and neutralizing with 0.5 ml IM Tris HO, PH 7.4. Half of the 
eluted phage solution was used to infect 10 ml of E.cott TGI (Gibson, T.J. (1984) 
Studies on the Epstein-Barr virus genome, Cambridge University Ph.D. thesis; Carter et 
al. (1985) Nucleic Acids Res., 13: 4431^3) grown to an A«o nm of 0.8-0.9. After 
incubation for 30 min at 37»C, bacteria were plated on TYE plates containing 100 /tg/ml 
ampicillin and 196 glucose and grown overnight at 37''C. Phage were rescued and 

30 concentrated as described above and used for the next selection round. The selection 
process was repeated for a total of 5 rounds. 



25 
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Screening for binders 

After each round of selection, 10 ml of E.coIi HB2151 (Carta- et ed. 
(1985) Nucleic Adds Res., 13: 4431-43) (A«o ™n ~ 0.8) were infected with 100 /J of 
the iriiage eluate in ordex to prepare soluble sFv. In this strain, the amber codon 
between tiie sFv gene and gene m is read as a stop codon and native soluble sFV 
secreted into the periplasm and media (Hoogenboom cr al. (1991) Nucleic Adds Res. 19: 
4133-4137). Single ampicillin resistant colonies were used to inoculate miootitre plate 
wdls containing 150 /d of 2 x TY containing 100 /tg/ml ampiriiiifi and 0.1 % glucose. 
The bactexia were grown to an A«o nm - 1.0, and sFv expression induced by the 
addition of IPTG to a final concentration of 1 mM (De Bellis et al. , (1990) Nucleic Adds 
Res., 18:1311). Bacteria were grown overnight at SO'C, the cells removed by 
coitrifugatim, and the supernatant containing sFv used directly. 

To screen for binding, 96-weIl microtiter plates falcon 3912) were coated 
overnight at 4°C with 10 fig/rol c-erbB-2 ECD in PBS, blocked for 2 h at 37*C witii 2% 
milk powder in PBS, and incubated for 1.5 hours at 20''C with 50 /d of the RcoU 
supernatant containing sFv. Binding of soluble sFv to antigen was detected with a mouse 
monoclonal antibody (9E10) which recognizes tiie C-terminal myc peptide tag (Munro, S. 
et al., (1986) Cell, 46:291-300) and peroxidase conjugated anti-mouse Fc antibody 
(Sigma) using ABTS as substrate (Ward et al. (1989) Nature, 341: 544-546). The 
reaction was stopped after 30 min with NaF (3.2 mg/ml) and die A405 nm measured. 
Unique clones were identified by PCR fingerprinting (Marks, J. D. et al., (1991) J. Mol. 
Biol., 222:581-597) and PNA sequencing. The specificity of each unique sFv was 
determined by EUSA performed as described above witii wells coated wiUi 10 /tg/ml of 
bovine s«um albumin, hen egg white lysozyme, bovine glutamyltranspqitidase, c-abB-2 
ECD, VCS M13 (3.5 x 10«/ml) and casdn (0.5%). For ELISA wifli biotinylated 
c-eibB-2 ECD, microtiter plates (Immunolon 4, Dynatech) were coated with 50 fil 
immunppure avidin (Pierce; 10 /*g/ml in PBS) overnight at 4»C, blocked witii 1% bovine 
serum albumin in PBS for 1 h at 37''C and incubated witii 50 id biotinylated c-erbB-2 
extiacellular domain (5 /tg/ml) for 30 min at 20''C. To prepare biotinylated antigen, 0.2 
ml c-eibB-2 ECD (1 mg/ml in PBS) was incubated witii 0.5 mM NHS-LC-biotin (Pierce) 
overnight at 4'C and then purified on a presto desalting column (Pierce). 
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Subdoning. expression and purification. 

To feciUtate purification, the C6.5 sFv gene was subdoned into the 
expression vector pUC119Sfimotffisniyc (Griffiths, et al. (1994) EMBO 13: 
3245-3260) which results in the addition of a hexa-histidine tag at the C-terminal end of 
the sFv. Briefiy, pHEN-1 vector DNA containing the C6.5 sFv DNA was prepared by 
alkaline lysis milliprq), digested with Ncol and NotI, and the sFv DNA purified on a 
1.5% agarose gel. C6.5 sFv DNA was ligated into pUC119SfiimotIHismyc digested 
with Ncol and Nott and the legation mixture used to transform electrocompetent E, coti 
HB2151. For expression, 200 ml of 2 x TY media containing 100 /*g/nil ampicillin and 
0.1 % glucose was inoculated with E. cott HB2151 haifooring the C6.5 gene in 
pUC119SfiimotIHismyc. Hie culture was grown at 37»C to an A«o nm of 0.8, soluble 
sFv eqvession induced by the addition of IPTG to a final concentration of 1 mM, and 
the culture grown at 30»C in a shaker flask overnight. Single-chain Fv was harvested 
from the pec^lasm using tiie following protocol. Cells were harvested by centrifiigation 
at 400Qg for 15 min, resuspended in 10 ml of ice cold 30 mM Tris-HQ pH 8.0, 1 mM 
EDTA, 20% sucrose, and incubated on ice for 20 min. The bacteria were peUeted by 
centrifiigation at 6000g for 15 min. and the -periplasmic fraction- cleared by 
centrifiigati<jn at30.000gfor20min. TTie supernatant was dialyzed ovenught at 4 'C 
against 8 L of IMAC loading buffer (30 mM sodium phosphate pH 7.5, 500 mM NaQ, 
20 mM imidazole) and then filtered through a 0.2 micnm filter. 

The SFv was purified by IMAC. All steps were performed at 4»C on a 
Perceptive Biosystems BIOCAD Sprint A column containing 2 ml of Ni-NTA resin 
(Qiagen) was washed with 20 ml IMAC column wash buffer (50 mM sodium phosphate 
pH 7.5, 500 mM NaCl, 2.50 mM imidazole) and 20 ml of IMAC loading buffer. Tht 
periplasmic prq>aration was loaded onto the column by pump and the column washed 
sequentially with 50 ml IMAC loading buffer and 50 ml IMAC washing buffer (50 mM 
sodium phosphate pH 7.5, 500 mM NaQ, 23 mM imidazole). Protein was eluted with 
2.5 ml IMAC elution buffer (50 mM sodium phosphate pH 7.5, 300 mM NaCl, 100 mM 
imidazole) and 4 ml fractions collected. Protein was detected by absorbance at 280 nm 
and sFv typicaUy eluted between fractions 6 and 8. To remove dimeric and aggregated 
sFv, samples were concoitrated to a volmne < 1 ml in a Centricon 10 (Amicon) and 
fractionated on a Superdex 75 column using a running buffer of HBS (10 mM Hepes, 
150 mM Naa, pH 7.4). The purity of the final preparation was evaluated by assaying an 
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aliquot by SDS-PGE. Protein bands were detected by Coomassie staining. TTie 
concratration was determined spectrpphotometiically, assuming an Ajgo run of 1.0 
corresponds to an sFv concmtration of 0.7 mg/ml. 

5 j^niiy and kinetic measurements 

The Kd of C6.5 and 74IF8 sFv were determined using sur&ce plasmon 
resonance in a BIAcore (Pharmacia) and by Scatchard analysis. In a BlAcore flow cell, 
1400 resonance units (RU) of c-eibB-2 BCD (25 /ig/ml in 10 mM sodium acetate, pH 
4.5) was coupled to a CMS sensor chip (Johnsson, B. et al., (1991) Anal. Biochem., 

10 198:268-277). Association and dissociation of C6.5 and 741F8 sFv (100 nM - 600 nM) 
were measured under continuous flow of 5 /d/min. Rate constant k^, was determined 
from a plot of (In (dR/dt))/t vs concentration (Karlsson et al. (1991) 7. Immunol Meth., 
145: 229-240), Rate constant koir was determined from the dissociation part of the 
sensorgram at the highest concentration of sFv analyzed (Johnsson et al, (1991) Anal. 

15 Biochem., 198: 268-277). The of C6.5 was also determined by Scatchard analysis 
(Scatchard (1949) Annal. N.T. Acad. Sci., 51: 660). All assays were performed in 
triplicate. Briefly, 50 /4g of radioiodinated sFv was added to 5 x 10^ SK-OV-3 cells in 
the presence of increasing concmtrations of unlabeled sFv ficom the same preparation. 
After a 30 minute incubation at 20^C, the samples were washed with PBS at 40**C and 

20 centiifuged at 500g. The amount of labeled sFv b*)und to the cdls was determined by 
counting the pellets in a gamma counter and the K, and were calculated using the 
EBDA program (V 2.0, G.A. McPherson, 1983). 

Radiolabeling 

25 The C6.5 sFv was labeled with radicnodine using the CT method 

(DeNardo ei al. (1986) Nud. Med. Biol, 13: 303-310). Briefly, 1.0 mg of protein was 
combined with *^ (14-17 mCi/mg) (Amersham, Arlington Heights, IL), or (9.25 
mCi/mg) (DuPont NEN, Wilmington, DE) at an iodine to protein ratio of 1:10. 10 fig 
of CT (Sigma, St. Louis, MO) was added per 100 /tg of protein and the resulting 

30 mixture was incubated for three minutes at room tempoature. The reaction was 
quenched by the addition of 10 fig of sodium metabisulfite (Sigma) per 100 fig of 
prot^. Unincorporated radioiodine was separated from the labeled protein by gel 
filtration using the G-50-80 centrifuged-column method (Adams et al. (1993) Cancer 
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ltes.53: 4026^34). The final specific activity of the CT labdiing was 1.4 mO/mg for 
the »'I-C6.5 sFv and typically about 1.0 mCi/mg for the "»I-C6.5 sFv. 

Quality Coiarol 

The quality of the radiopharmaceuticals was evaluated by HPLC, 
SDS-PAGE, and a live cell binding assay as previously described (Adams a id (1993) 
CUmcerBes. 53: 4026^034). TTie HPLC elution profiles ftom a Spheiogel TSK-3000 
molecular sieving column consistenUy demonstrated that greater than 9996 of the 
radioactivity was associated with the protein peak. Greater than 98% of the nonreduced 
«»I-C6.5 sFv preparations migrated on SDS-PAGE as approximately 26 K, proteins while 
the remainii^ activity migrated as a dimer. The immunoreactivity of the 
radiopharmaceuticals was determined in a live ceU binding assay utilizing c-crbB.2 
overexpressing SK-OV-3 ceUs (^HTB 77; American T^pe Culture Collection. Rodcville 
MD) and c-eibB-2 negative CEM cells (#119; American Type Culture Collection) 
(Adams. G.P. et al., (1993) Cancer Res. 53:4026-K)34). Live ceU binding assays 
revealed 49 % of the activity associated with the positive cell peUeted less than 3 % bound 
to the negative control cells; these results were lower than those typically seen with 
741F8 sPv (60-80% bound) (Adams « a/.. (1993) «<p/B.). 

Cell Suiface Dissociation Studies 

CeU surfece retention of biotinylated forms of the sFv molecules were 
measured by incubating 2 „g of either sFv witf, 2 x 10« SK-BR-3 cells («nB 30; 
American Type Culture Collection) in tripUcate in 20 ml of PACS buffer, with 0.01% 
aride for 15 min at 4-C. The ceUs were washed twice with FACS buffer (4«Q and 
resu^dedin2mlofFACSbuff^er. 0.5 ml of the ceU suspension were removed and 
placed in three separate tubes for incubations under differing conditions; 0 min at 4 "C 
15 min at 37-C. and 30 min at 37»C. After the incubations, the ceUs were centrifi,g«! 
at 300g. the supenatants were removed, the cell peUets were washed 2x (4»C) and the 
dpgree of retention of sFv on the ceU surface at 37 «» C (for 15 or 30 min) was compared 
to letention at 0 min al 4**C. 
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Biodistribution and Radioininumoimaging Studies 

Four to six week old CBn/Icr-scid mice were obtained from the Fox 
Chase Cancer Center Laboratory Animal FaciUty. 2.5 x 10^ SK-OV-3 cells in log phase 
were implanted s.c. on the abdomens of the mice. After about 7 weeks the tumors had 
achieved sizes of 100-200 mg and Lugol's solution was placed in the drinking water to 
block thyroid accumulation of ladioiodine* Three days later, biodistribution studies were 
initiated. ^^-C6.5 sFv was diluted in PBS to a concentration of 0.2 mg/ml and each 
mouse was givra 100 fiL^ cbntaining^20 fig of radiopharmaceutical, by tail vein 
injection. Total injected doses were determined by counting each animal on a Series 30 
multichannel analyzer/probe system (probe model #2007, Canaberra, Meridian, CT). 
Blood samples and whole body counts of the mice were obtained at regular intervals. 
Groups of 8 mice were sacrificed at 24 h after injection and the tumors and organs 
removed, weighed and coimted in a gamma counter to determine the %ID/g (Adams ei 
al. (1993) stq}ra. ; Adams et al. (1992) Antibody Immunocoftf. and Radiopharm., 5: 
81-95). The mean and standard error of the mean (SEM) for each group of data were 
calculated, and T:0 ratios detmnined. Significance levels were determined using 
Students t-test 

For the radioimmunoimaging studies, tumor-beaiing scid mice were 
injected with 100 fig (100 /xl) of "»I-C6.5. At 24 hours after injection, the mice were 
euthanized by asphyxiation with CO, and images were acquired on a Prism 2000XP 
gamma camera (Picker, ffighland Heights, OH 44142). Preset acquisitions of 100k 
counts used. 
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Results 

After four rounds of selection, 9/190 clones analyzed by ELISA expressed 
sFv which bound c-eibB-2 ECD (ELISA signals greater than 0.4, 6 times higher than 
background). After five rounds of selection, 33/190 clones caressed c-eifoB-2 binding 
5 sFv. PGR fingerprinting of the 42 positive clones identified two unique restriction 

patterns and DNA sequradng of 6 clones from each patt^ revealed two unique human 
sFv sequences, C4.1 and C6.5 (Table 6). The Vh gme of C6.5 is from the human V^S 
gme fomily, and the gene from the human Vx family (Table €). The gene appears 
to be derived from two differmt germline gmes (HUMLV122 and DPL S) suggesting the 

10 occurrence of PGR crossover (Table 6). The Vh of C4. 1 is from the human Vh3 

&mily, and the grae from the human Vx3 £unily (Table 6). C4. 1 and C6.S both 
bound c-erbB-2 specifically, as determined by ELISA against the relevant antigen and a 
panel of irrelevant antigens. Howev», when biotinylated c-erbB-2 ECD was boimd to 
avidin coated plates and used in EUSA assays, the signal obtained with C6.S was 6 

IS times high^ than obsoved when c-erbB-2 ECD was absorbed to polystyrene (l.S vs 

0.25). In contrast, C4.1 was not capable of binding to biotinylated c-erbB-2 ECD 
captured on avidin microtitre plates. Additionally, biotinylated and iodinated C6.S, but 
not C4.1, bound SK-BR-3 cells ovempressing c-erbB*2. These results indicate that 
C6.S binds the native c-^B-2 e3q>ressed on cells, but C4 binds a denatured epitope that 

20 sqypears when the antigen is adsorbed to polystyrene. 

C6.S was purified in yi^ds of 10 mg/L of E. coU grown in shake flasks 
and gel filtration analysis indicated a single peak of approximately 27 Kd- The of 
purified C6.3 was determined using both surface plasmon resonance in a BIAcore and by 
Scatchard. The det^mined by BIAcore (1.6 x 10^ M) agreed closely to the value 

25 det^mined by Scatchard Q.O x 10^ M) (Table 7). Kinetic analysis by BIAcore indicated 

that C6.5 had a rapid on-rate (k^ 4;0 x 10*M *s *) and a rapid off-rate (k^ 6.3 x 10^s ») 
(Table 2). Cell retration assay confirmed that C6.S dissociated rapidly from the cell 
sur&ce (Table 2). 

After injection of ^^I-C6.5 into scid mice bearing SK-OV-3 tumors, 1.47% 
30 ID/gm of tumor was retained after 24 hours (Table 7). Tumonnormal organ values 

ranged from 8.9 (tumorikidney) to 283 (tumonmuscle). These values were higher than 
values observed for 741F8 sFv, produced from a murine monoclonal antibody (Kj = 2.6 
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X 10* M. The high T:0 latios resulted in the highly specific visualization of the tumor 
by gamma scintigraphy using "*I-labelled C6.5. 
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Tabk7 Oiaracterization of M Chanwteristics of the murine 

antx-c^B.2 sFv. 741F8. and the human sFv C6.5 are compared. ThTaS^tyZ^ 
dLSSOjaabon consents were determined by Scatchard plot analysis, unless otherwise 
stated rhssoaaton ftom c-erbB-2 positive (SK-OV-3) cells was measured in an in vitro 
bveceU assay. T1>e percentage of injected dose per giam (%ro/g) tumor M aS 
to or^ ^ were dtonined in biodistribution studies perfonSd in sc^ ^ 
of «ad mice (n=10-14) bearing SK-OV-S tumors overexpS^ c-cAbIsemS? < 
^% of the associated values a = significantly unproved (p<0.05) compared to 741F8 



Parameter 



741F8 



30 



Kd (BIAcore) 
(Scatchard) 
It;, (BIAcore) 
(BIAcore) 

% assodated with cell surface at 15 mi n 
% associated with cell surface at 15 min 

%n>/g T umor 
T:Blood 
T:Kidney 
T:Iiver 
TrSpleen 
T;Bitesti ne 
T:Lung 

rStomadi 
T:Muscl e 
T:Bcme 



2.6xlO-«M 
5,4xlO»M 
2.4xlO*M-»s;]^ 
6.4x10V 

32.7% 
8.6% 

0.8 
14.7 
2.8 
14.2 
10.3 
25.0 
9.4 
8.9 
78.8 
30.0 



C6.5 

1.6xlO«M 
2.1xlO«M 
4.0xlO*MV 
6.3xlO's-' 

60.6% 
22.2% 

1.0 
22.9 
5.6a 
22.3 
34.1 
29.7 
15.8 
11.1 
158.7 
102,7 
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ISOtetion of High Affinity Monomerip Human A^t| -eerfa-2 Singli* Chain TV ^ T^^^r 

Affinltv Driven Selertinn 

MatAriwfe ^nd Methods 

Construction of heavy chain shi0ed libraries 

To fecilitate heavy chain shuffling, libraries were constructed in pHEN-1 
(Hoogenboom et ql. (1991) Nucleic Acids Res. 19, 4133-4137) containing human Vh 
gene iqxsrtoires (FRl to FR3) and a cloning site at the end of Vh FR3 for inserting the 
Vh CDR3, Vh FR4, linker DNA and light chain from binding- sFv as a BssHn-NotI 
fiagmenL To create the libraries three Vh gene repertoires enriched for human Vgl, 
Vh3, and V„5 gene were amplified by PGR using as a template single stranded DNA 
piepaxed from a 1.8 x 10« member sFv phage antibody library pHEN-1 (Marks et al. 
(1991) J. Mol. Biol. 222: 581-597). For PGR, 50 ^1 reactions were prqiaied containing 

10 ng template, 25 pmol back primer (LMB3), 25 pmol forward primer (PVhIFORI, 
15 PVhSFORI, or PV„5FORl), 250 uMhINIPs. 1 mM MgQ,, and 0.5 /il (2 units) Taq 

DNA polymerase (Promega) in the manufecturer's buffer. Primers PVnlForl, 
PVaSForl, and PVaSForl were designed to anneal to the consensus VhI, V„3, or, Vh5 
3' FR3 sequence respectively (Tomlinson et al. (1992) /. Mol Biol. 227, 776-798; see 
Table 18). The reaction mixture was subjected to 25 cycles of amplification (94'»C for 
30 sec, 55 "C for 30 sec and 72»C for 30 sec) using a Hybaid OmniGene cycler. TTie 
products were gel purified, isolated ftom the gel using DEAE membranes, eluted ftom 
the membranes with high salt buffer, ethanol precipitated, and resuspended in 20 of 
watM- (Sambrook et al. (1990)). 

The DNA fragments from the first PGR were used as templates for a 
25 second PGR to introduce a BssHH site at the 3'-end of FR3 followed by a NotI site. The 

BssHH site corresponds to amino add residue 93 and 94 (Kabat numbering (Kabat et al 
(1987) Sequences of proteins of immunological interest, 4th ed., US Department of 
Health and Human Services, Public Health Service, Bethesda. MD; see. Table 5 in this 
reference) does not change the amino add sequence (alanine-arginine). PGR was 
performed as described above using 200 ng purified first PGR product as template and 
the back primers PVHlFor2,PVH3For2, and PVH5For2. The PGR products were 
purified by extraction with phenol/chloroform, predpitated with ethanol, resuspended in 
50 Ml water and 5 fig digested with Nofl and Ncol. The digested ftagments were gel 
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purified and each Vg gene repextmre ligated s^xinitely into pHEN-1 (Hoogenboom et al. 
1991 si^ra.) digested with NotI and Ncol. The ligation mix was purified by extraction 
with phenol/chlorofonn, ethanol precipitated, lesuspended in 20 m1 water, and 2.5 /J 
samples electroporaled (Dower et al. (1988) Nucleic.Acids Res. 16. 6127-6145) into 50 

5 Ml co/i TGI (Gibson « 0/ (1984) Ph.D. Thesis, University of Cambridge). Cells 

were grown in 1 ml SOC(Sambrook«rfl/. 1990) for 3 min and then plated on TYE 
(Miller (1972) Experiments in Molecular Genetics Cold Springs Harbor Lab Press. Cold 
iSprings Harbor, New York) media containing 100 /tg ampidllin/ml and 1% (w/v) 
glucose (TYE-AMP-GLU). Colonies were scraped off the plates into 5 ml of 2 x TY 
10 broth (Miller (1972), siqfra) containing 100 Mg ampicillin/ml, 1 % glucose (2 x 

TY-AMP-GLU) and 15 (v/v) glycerol for storage at -70-C. The cloning efiiciency and 

diversity of the libraries were deternuned by PCR screening (Gussow and Clackson 
(1989) Nucleic Adds Res. 17, 4000) as described (Maries et al. (1991), si^ra). The 
resulting phage libraries were termed pHEN-1-VHlrq), pHEN-l-VH3rep and 
15 pHEN-l-VH5rep. 

Three separate C6.5 heavy chain shuffled phage antibody libraries were 
made ftom the pHEN-l-V„lrq), pHEN-l-V„3rep, and pHEN-l-V„5rq) phage libraries. 

The C6.5 light chain gene, linker DNA, and V„ CDR and FR4 were amplified by PCR 
ftom pHEN-l-C6.5plasniidDNA using the primers PCeVLlBack and fdSEQl. The 
20 reaction mixtures were digested with BssHn and Not! and ligated 

in^HEN-l.V„lrq>, pHEN-l-V„3rq>, and pHEN-l.V„5nq> digested with NotI and 
BssHH. Transformation and creation of Ubrary stocks was as described above. 



25 



30 



Construction of light chain shuffled ttbraries 

To facilitate light chain shuffling, a Ubraiy was constructed in PHEN-1 
containing human and V, gene rq)ertoires, linker DNA, and cloning sites for 
inserting a V„ gene as an NcQl-XhoI fragment. An Xhol can be encoded at the end of 
FR4 without changing the amino add sequence of residues 102 and 103 (serine-serine) 
(Kabat et al. Sequences of proteins of immunological interest, 4th ed. U.S. Dept. Health 
and Human Services, Public Health Services, Bethesda, MD (1987)). To create the 
Ubrary , a V, and gene repertoire was amplified by PCR from a 1 . 8 x 1 0« member sFv 
phage antibody library in pHEN-1 (Marks et al. (1991), jipw). PCR was performed as 
described above using 10 ng template, 25 pmol Back primer (RJHl/2/6Xho, RJH3Xho, 
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oRJH4/5Xho) and 25 pmol forward primer (fdSEQl). The back primers were designed 
to anneal to the first 6 nucleotides of the (G4S) linker and either the JhI, 2, 6, J„3, or J„ 
4,5 segments respectively. The PGR reaction mixture was purified as described above, 
digested with Xhol and Nott, gel purified and ligated into pHEN-V^3Sl (Hoogenboom 
and Winter (1992) J. Mol. Biol. 227, 381-388) digested with Xhol and Notl. 
Transformation ofE. coli, TGI, PGR screaiing, and oeation of library stocks was as 
desoibed above. The resulting phage library was termed pHEN-l-VLr^. 

The light chain shuffled phage antibody library was made for 
pHEN-1-Vi.rep. "Ilie C6.5 Vh gene was amplified by PCR from pHEN-l-C6.5 plasmid 
DNA using the primers PCfiVHlFor and LMB3. The PCR reaction mixture was 
purified, digested with Xhol and Ncol, gel purified and ligated into pHEN^l-V^rq) 
digested with Xho and Ncol. Transformation of E. coli TGI, PGR screening, and 
creation of library stocks was as described above. 

Construction ofsFv containing highest tffinity V„ and gene obtained by chain 
shi^SPing 

Two new sFv were made by combining die Vj. gene of the highest affinity 
light diain shuffled sFv (C6L1) with the V„ gene of the highest affinity heavy chain 
shuffled sFv (C6H1 or C6H2). The C6L1 plasmid was digested with Ncol and Xhol to 
remove the C6.5 Vh gene and gel purified. The Vh gene of C6H1 or C6H2 was 
amplified by PCR using the primers LMB3 and PC6V„lFor, digested with Ncol and 
Xhol and ligated into the previously digested C6L1 vector, aones were screened for the 
presence of the correct insert by PCR fingerprinting and confirmed by DNA sequencing. 

Preptamion of phage 

To rescue phagemid particles from the libraries, 10 ml of 2 
TY-AMP-GLU were inoculated with an appropriate volume of bacteria (approximately 
50 to 100 /d) from the Ubrary stocks to give an A«o of 0.3 to 0.5 and grown for 30 min, 
shaking at 37»C, About 1 x 10" plaque-forming units of VCS-M13 (Stiatagene) 
particles were added and the mixture incubated at 37»C for 30 min without shaking 
followed by incubation at 37»C for 30 min with shaking. Cells were spun down, 
resuspended in 50 ml 2 x TY broth containing 100 /ig ampidllin/ml and 50 
kanamydn/ml (2 x TY-AMP-KAN), and grown overnight, shaking at 25»C. Phage 
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particles were purified and concentrated by two PEG-precipitations (Sambrook et al., 
1990), lesuspended in 5 ml phosphate buffered saline (25 mM NaH,P04, 125 mM NaQ, 
pH 7.0. PBS) and filtered through a 0.45 u filter. ITie phage preparation consistenfly 
resulted in a titre of approximately 10>' transducing units/ml ampidllin-resistant clones. 

Selection of phage antibody libraries 

The light chain shuffled Ubraiy was selected using immunotubes (Nunc; 
Maxisoib) coated with 2 ml c-crbB-2 BCD (25 Mg/ml) in PBS overnight at room 
temperature (Marks et al. (1991) supra). The tube was blocked for 1 h at 37«C with 2% 

skimmed milk powder in PBS (2% MPBS) and the selection, washing, and dution weie 
performed as described (Marks et al. (1991), s,g,ra) using phage at a concentration of 
5.0 X 10«*/inl. One tfiird of tiie eluted phage was used to infect 1 ml log phase E. coli 

TGI, which were plated on TYE-AMP-GLU plates and described above. The 

rescue-selection-pkting cyde was rq)eated 3 times, after which clones were analyzed 
15 binding by ELISA. 

AllHbraries were also selected using biotinylated c-crbB-2 BCD and 
streptavidin^coated paramagnetic beads as described (Hawkin et al. (1992) J. Mol. Biol. 
226. 889-896) with some modifications. To prepare biotinylated antigen. 0.2 ml 
c-erbB-2 BCD (1 mg/ml) was incubated witi, 5 mM NHS-LC-Biotin (Pierce) overnight at 
4»C and tiien purified on a presto desalting column. For each round of selection. 1 ml 
of phage (approximately 10" tu.) were mixed witii 1 ml PBS containing 4% skimmed 
milk powder, 0.05% Tween 20, and biotinylated c^B-2 BCD. Affinity-driven 
selections were performed by decreasing ti,e amount of biotinylated c-erbB-2 BCD used 
for selection. Two selection schemes were used. 

In selection sdieme 1 (SI) antigen concentrations of lOnM, 50 nM, 10 
nM. and 1 nM were used for selection rounds 1. 2. 3. and 4 req«ctively. In selL^on 
scheme 2 (S2) antigen concentrations of 40 nM, 1 nM, 100 pM. and 10 pM were used 
for selection rounds 1. 2, 3, and 4 respectively. The mixttire of phage and antigen was 
gently rotated on an under-and-over-tumtable for 1 hour at room temperature. To 
capture phage binding biotinylated antigen, stiqtovidin coated M280 magnetic beads 
(Dynabeads, Dynal) were blocked with 2% MPBS for 1 h at 37-C. and then added to die 
mixture of phage and antigen. Hi SI, 200 ^1 (round 1), 100 ^1 (round 2) or 50 ^1 
(rounds 3 and 4) of beads were incubated witii tiie phage-antigen mixtiue for 15 min. 
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rotating on an under-and-ova--tumtable at room temperature. In S2, 100 ixl (round 1) or 
50 fd (rounds 2, 3, and 4) of beads were incubated with the phage-antigen mixture for 15 
min (round 1), 10 min (round 2), or 5 min (rounds 3 and 4). After capture of phage, 
Dynabeads were washed a total of 10 times (3 x PBS containing 0.0596 Tween 20 
(TPBS), 2 X TPBS containing 2% skimmed milk powder, x PBS, 1 x 2%MPBS, and 2 x 
PBS) using a Dynal magnetic particle concoitrator. The Dynabeads were resuspended in 
1 ml ras, and 300 were used to infect 10 ml log phase E. coU TGI which were 
plated on TYE-AMP-GLU plates. 

ImHal sFv characterization 

Liitial analysis of chain shuffled sFv clones for binding tc-etbB-2 was 
performed by ELISA using bacterial supernatant containing expressed sFv. Expression 
of sFv (De BeUis and Schwartz (1990) Nucleic Acids Res. 18, 1311) was performed in 
96 weU microtitre plates as described (Marks et al. (1991), supra) with the following 
excq>tian. After overnight growth and expression at 30°C, 50 /d 0.5% Tween 20 was 
added to each well and the plates incubated for 4 h at 37*C with shaking to induce 
bacterial lysis and increase the concentration of sFv in the bacterial supernatant. For 
selection performed on Immunotubes, EUSA plates (Falcon 3912) were incubated with 
c-erbB-ECD (2.5 ftg/wl) in PBS at 4X overnight. For selections performed with 
biotinylated protein, Immunolon 4 plates (Dynatecfa) were incubated overnight at 4»C 
with Immunqpure avidin (10 /ig/nU in PBS; Pierce). After washing 3 times with PBS to 
remove unbound avidin, wdls were incubated with biotinylated c-eibB-2 BCD as in 
Example 1. In both cases, binding of sFv to c^rbB-2 ECD was detected with the mouse 
monoclonal antibody 9E10 (1 ng/ml), which recognizes the C-teiminal peptide tag 
(Munro and Pelham (1986), Cell 46, 291-300) and peroxidase^xMijugated anti-mouse Fc 
antibody (Sigma), as described (Marks et aJ. , 1991, supra). Selected binders were 
further characterized by sequencing of the Vh and Vj, genes (Sanger et al. (1977) Proc. 
Natl. Acad. Sd. USA, 74: 5463-5467). Sequence data has been deposited with the 
GenBank Data Library. 

Screaiing of sFv for relative affinity was performed essoitially as 
described (Friguet et al. (1985) J. Immmol. Meth. T7: 305-319). Immunolon 4 ELISA 
plates (Dynatech) were coated with avidin in PBS (10 ng/nd) at 4''C overnight. 
Biotinylated c-eibB-2 ECD (5 ng/wl) was added to the wells and incubated for 30 min at 
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«>om temperature. Bacterial supernatant containing sFv was incubated with varying 
concentiations of c-erbB-2 (0 to 100 nM) at 4«C for 1 h. The amount of free sFv was 
then determined by transferring 100 m1 of each mixture into the wells of the previously 
prepared ELBA plate and incubating for Ih at 4»C. Binding of sFv was detected as 
unda EUSA screening and the IC50 calculated as described (Friguet et al. (1985). 

Screening of sFv by dissociation rate constant (k^ was performed using 
real-time bio^fic interaction analysis based on surfece plasmon resonance (SPR) in a 
BIAcore (Pharmacia), Typically 24 EUSA positive clones from each of the final two 
rounds of s«dection were screened. A 10 ml culture of £. cofi TCI containing the 
appropriate phagemid was grown and expression of sFv induced with IPTG (De BclIis 
and Schwartz. 1990). Cultures were grown overnight at 25-C. sFv harvested from the 
periplasm (Breitling et al. (1991) Gene 104. 147-153). and the periplasmic fraction 
dialyzed for 24 h against HEPES buffered saline (10 mM Hepes. 150 mM NaCl. pH 7 4 
HBS). In a BIAcore flow cell, approximately 1400 resonance units (RU) of c-erbB-ECo' 

(25 Mg/ml) in 10 mM acetate buf5fer pH 4.5 were coupled to a CM5 sensor chip 
(Johnsson a al, (1991) Anal. Biochem. 198. 268-277). Association and dissociation of 
undUuted SFv in the periplasmic fraction was measured under a constant flow of 5 
fJ/min. An apparent dissociation rate constant (W was determined from Ae 
dissociation part of the sensorgram for each sFv analyzed (Karlsson er al. (1991) / 
Immunol. Methods 145. 229-240). Typically 30 to 40 samples were measured during a 
smgle BIAcore run. with G6.5 periplasmic prq«iations analyzed as the first and final 
samples to ensure stabiUty during the run. Hie flow cell was regenerated between 
samples using 2.6 M MgQ, in 10 mM glycine. pH 9.5 without significant change in the 
sensorgram baseline after analysis of more than 100 samples. 

Subdoning. expression and purification of Single-chain Fv. 

To facilitate pmification. shuffled sFv genes were subdoned (Example 1) 
into the express vector pUCllSfi-NotmycHis, which results in the addition of a 
hexa-histidine tag at the C-terminal end of the sFv. 200 ml cultures of E.coli TCI 
harboring one of the C6.5 mutant phagemids w«e grown, expression of sFv induced 
with IPTC (De Bellis and Schwartz (1990). supnt) and the culture grown at 25-C 
overnight Singles:hain Fv was harvested from the periplasm (Breitling ei al (1991) 
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st^ra) dialyzed overnight at 4**C against 8 L of IMAC loading buffer (50 mM sodium 
phosphate, pH 7.5, 500 mNaCl, 20 mM imidazole) and then filtered through a 0.2 
micron filter. 

Single-chain Fv was purified by immobilized metal affinity 
chromatogr^hy (BMAC) (Hochuli et al. (1988) Bio/TeOmology, 6, 1321-1325) as 
described in Example 1. To remove dimeric and aggregated sFv, samples were 
concoitrated to a volume < 1 ml in a Coitricon 10 (Amicon) and fractionated on a 
Superd&c 75 column using a running buffer of HBS. The purity of the final preparation 
was evaluated by assaying an aliquot by SDS-PAGE. Protein bands were ^ptmed by 
Coomassie staining. The concmtration was determined spectrqphotometrically assuming 
an A280 nm of 1.0 corresponds to an sFv concentration of 0.7 mg/ml. 

Measurement of affinity, kinetics, and cell surface retention 

The of light chain shuffled C6.5 mutants isolated from phage selection 
using Immunotubes (Nunc) were determined by Scatchard analysis. All assays were 
performed in triplicate. Briefly, 50 mg of radioiodinated sFv was added to 5 x 10^ 
SK-OV-cells in the presence of increasing concratrations of unlabeled sFv from the same 
preparation. Aft» a 30 minute incubation at 20*C, the sainples wrae washed with PBS 
at 4**C and cMtrifuged at 500g. The amount of labeled sFv bound to the cells was 
determined by counting the peUets in a gamma ccunter and the K. and Kj were calculated 
using the EBDA program (V 2.0, G.A. McPherson, 1983). The Kj of all the other 
isolated sFv were determined using surface plasmon resonance in a BIAcore (Pharmacia). 
In a BIAcore flow cell, approximately 1400 resonance units (RU) of c-crbB-2 ECD (25 
/ig/ml in 10 mM sodium acetate, pH 4.5) was coupled to a CMS sensor chip (Johnsson 
et al. (1991), supra). Association and dissociation-rates were measured under continuous 
flow of 5 ml/min using a concratration range from 50 to 800 nM. Rate constant k« was 
determined from a plot of 0(dR/dt))/t vs concmtration (karlsson et al. (1991), supra). 
Rate constant was determined from the dissociation part of the s&isorgram at tfie 
highest concentration of sFv analyzed. Cell surface retention of C6.5 and C6L1 was 
determined as described in Example 1. 
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Modeling of location qf mutations 

Tlie locadon of muutions ia shuffled M«j modeled on the smicoiie 
Ihe Frf, KOL (ft^r^ e, al. (1980) Mol. Blot. 141. 369-391) .^fag Madmdad v5 0 
(Molecuhx Ap^a^ Oro^, p^, ^ho. CA) nm^g on an Apple Macintosh Quad« 



^'^^'"'^i^ shuffled phage tmtibcdyUlmiries 

Tto Mtate heavy chain shufflinf, libraries were coittlnicled in pHEN-l 
(Hoogenboom « ol. (1991), s^rn) confining hun»n V. gene .^«tt*es (FRl to FR3) 
ud clooi,* sites lor inserting ft. v» CDR3PR4. single chafa linlter, aid light cfa»n 
gene ftomabindingsPvasaBssHn-Noaiiagn^nt. H«e heavy chain shuffling 
lAnufcs were created (pHEN-l-V.lrcp. pHEN-l-V,3.^, and pHEN-l-V^„p) ^ 

•■mched V,l. V^. or genes by using PCR prints design«i to anneal io tte 
consensus sequence of fte 3' end of V»l. V.3, or V,FR3 (TonJinson « al. (1992) 

«*.<»). ^I*««al»im.oduced a BssHn site at the end Of I«. Without ch^gi,^ 
the ammo acid sequence typically obsen«J at these residues. Utaaries of 5 0 x 1«> 
clonesfcrpHEN.,.v.lrep. 1-0 x 10- clones fbrpHH^.-v^^ 

fcrpHEN-l-V^rep were obtained. Analysis of 50 clones ftom each libn>ry indicated 
tta. greater aum 80% of the Clones had insem. and d« Hbn^ ^ 
by fl» Bs.Nl restriction pattem (Maries « ol (1991). H^e heavy chain shuffled 

hbrar^s were m«ie by cloning the C6.S V, CDR3. PR4. linker, and light chain genes 

mto Ae previously created V»l. v^, or rq^rtoire using the BssHH and Nott 
«adction sites. Alter ttansfbrmatian, libraries of 1.0-2.0 x lO- clones were obtained 

PCR screening revealed that 100« of clones analyzed h«l fcU length insert and di^ 
BsM restrtctionpatt^n. selection. 20«2 clones sdect»d at rendoo, tan, the 

VnS bbrary expressed iPv which bound c-e.bB-2. 0«2 cl«»s selected « random fhm, 
tae v,i or Vg rqiertoire expressed sFv which bound c-erbB-2. 

To ftciBtate light chain shuffling, a library was constructed in pHEN-1 
containing human V, and V, g« "Pertoires. single chain Bnker DNA. »«. cloning sites 
f^msertmg the V, gate ftom binding SFv as an Ncol-Xhdfagment. Tl^resuMng 
htary (pHEN-l-V^) consisted of 4.5 x 10- clones. rCR screening revealed that 95% 

of clones analyzed had Ml length insert and a diverse BstM restriction pattern Alight 
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Chain shuffled library was made by cloning the C6.5 V„ gene into pHEN-l-V,rep. After 
transformation a library of 2.0 x 10* clones was obtained. PGR screening revealed that 
10096 of clones analyzed had full length insert and a diverae BstNI restriction pattern. 
Prior to selection, 0/92 clones selected at random expressed sFv which bound c-erbB-2. 



10 



Isolation and charaaerization of higher t^nity Ught chain shi^ffled scF 

In a first ^roach to increase affinity, c-erbB-2 ECD coated polystyrene 
tubes were used for selecting the light chain shuffled library. Phage were subjected to 
fliree rounds of the rescue-selection-infection cycle. One hundred and dghty clones from 
the 2nd and the 3ni round of selection were analyzed for binding to recombinant 
c-erbB-2 ECD by HJSA. After the 3rd round of selection, greater than 50% of the 
clones were positive by ELISA (Table 8). 



15 



T^le 8. Frequency of binding sFv and percent of binding sFv with slower than 
C6.5. binding was determined by ELISA. Rate constant was determined by BIAcore 





Library and method of selection 


ELISA 
Round of Selection 


sFv with sLawer 
tfian C6.5 (parental 
sFv) 

Round of Selection 


20 


Vi.-jdiufning, selected on: 


2 


3 


4 


2 


3 


1 ^ 




antigoi coated immimotubes 


41/180 


97/180 


ND 


ND 


ND 


ND 




soluble antigen (rd 1, 100 nM; rd 2, 
50 nM; rd 3 10 nM; rd 4, 1 nM). 


74/90 


22/90 


13/90 


ND 


0% 


42% 


25 


soluble antigen (rd 1, 40 nM; rd 2, 1 
nM; rd 3, 0.1 nM; rd 4, 0.01 nM) 


ND 


65/90 


62/90 


ND 


25 
% 


84% 




VB-shufning, selected on: 














30 


soluble antigen; (rd 1, 100 nM; rd 2, 
50 nM; rd 3, 10 nM; rd 4, 1 nM) 


ND 


43/90 


56/90 


ND 


0% 


0% 




soluble antigen (rd 1, 40 nM; rd 2, 1 
nM; rd 3, 0.1 nM; rd 4, 0.01 nM) 
Yl=n>und, Mu= not deteinuned. liKI^rr 


ND 


90/90 


82/90 


ND 


0% 


12% 



35 
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Table 9. IC50 aiui Kj of C6.5sFv and 4 chain shuffled mutant sFvs. ICjowas 



sFv 




Kd(M) 


C6.5 


2.0 X 10* 


2.0 X 10* 


C6VLB 


1.0 X 10* 


3.0 X 10* 


C6VLD 


5.8 X 10* 


2.6 X 10* 


C6VLE 


2.8 X 10-» 


7.1 X 10* 


C6VLF 


7.5 X 10* 


7.9 X 10* 
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Positive clones were ranked by ICjo as detennined by competition EUSA 
(Table 9). Sixteen sFv with ICjoS less than the IC50 of the parental sfv were sequenced 
and four unique DNA sequences identified CTable 10). These clones were purified by 
IMAC after subcloning into PUCllPSFI/NotmycHis. and the affinity detennined by 
Scatchard analysis. 

Despite their lower ICsoS, none of these 4 sfv had a higher affinity for 
c-erbB-2 (Table 9). Gd filtiation analysis of tiie four purified sfv demonstrated the 
presence of two species, witfi size consistent for monomeric and dimeric sfv. In 
contrast, the parental sFv «dsted only as monomer. 

As a result of these observations, it was hypotiiesized that sdection on 
immobilized antigen favored the isolation of lower affinity dimeric sFv which could 
achieve a higher apparent affinity due to avidity. In addition, detennination of IQo by 
inhibition ELISA using native sFv in periplasm did not successfiiUy screen for sFv of 
higher affinity. To avoid the selection of lower affinity dimeric sFv, subsequent 
15 selections were performed in solution by incubating tiie phage with biotinylaled c-ert)B-2 

ECD, foUowed by c^faire on streptavidin coated magnetic beads. To select phage on flie 
basis of affinity, tiie antigen concentration was reduced each round of selection to below 
tfie range of tiie desired sFv (Hawkins et al. (1992), supm). To screen ELISA 
positive sFv for improved binding to c-erbB-2, a BIAcore was used. Periplasm 
preparations containing unpurified native sFv can be ^lied directiy to a c-eri)B-2 coated 
BIAcore flow ceU, and tiie k^ determined from tiie dissociation portion of tfie 
sensorgram. This permitted ranking tiie chain shuffled clones by k^. Moreover, by 
plotting M (Rn/Ro) vs t, tfie presence of multiple k.„ can be detected, indicating tiie 
presence of mixtures of monomeric and dimeric sFv. This strat«?gy of selecting on 
25 antigen in solution, followed by BIAcore screening of EUSA positive sFv, was used to 

isolate higher affinity chain shuffie mutants. 

The light chain shuffled Ubraiy was subjected to four rounds of selection 
on decreasing soluble antigen concentration (100 Nm, 50 Nm, 10 Nm, and, 1 Nm). In a 
separate set of experiments, tfie 4 rounds of selection were performed using 40 nM, 1 
nM, 0.1 nM, and 0.01 nM antigen concentration. Using tiie higher set of antigen 
concentrations for selection, 13/90 clones were positive for c-erbB-binding by EUSA 
after tiie 4tii round of selection. In tfie BIAcore, 42% of tiiesc clones had a slower k^ 
tfian tiie parental sFv. Using tfie lower set of antigen concentrations for selection, more 
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dones were positive for c-erbB-2 binding by BUS A (62/90) after the 4th round of 
selection, and 84% had a slower than the parental sFv. Sequencing of the gene of 
ten of these sFv revealed one unique sFv (C6L1) (Table 10). The Vx gene of C6L1 was 
derived fiom the same germline gene as the paroital sFv, but had 9 amino acid 
substitutions. The C6L1 gene was subcloned and the sFv purified by IMAC and gel 
filtration. C6L1 sFv was monomelic as determined by gel filtration and had an affinity 6 
times higher than pairatal (Table 11). The increased affinity was due to both a fest» k„ 
and a slower (Table 11). The slower was assoraatflri with a three fold increase in 
the retention of sFv on the surface of SK-OV-3 cells (28% at 30 minutes for C6L1 
compared to 10% at 3 minutes for the parental sFv). 



25 



30 



Table 11. Affinities and binding kinetics of c-erbB-2 binding Singlfr^hiun Fv, Kj, k;. 
and k^ were determined by surfece plasmon resonance in a BIAcore. Combined Sinele- 



15 


sFv source and done name 


K,(M) 


k„ (M-V») 


k*<M-Vt) 




Parental C6.5 


1.6 X ia» 


4.0 X 10* 


6.3 X 10* 




light Chain Shuffled C6L 


2.6 X 10* 


7.8 X lO* 


2.0 X 10» 


20 


Heavy Chain Shuffled 

C6H1 

C6H2 


5.9 X 10» 
3.1 X 10» 


1.1 X 10* 
8.4 X lO' 


6.2 X 10' 
2.6 X lO' 




Combined sFv 

C6H1L1 

C6H2L1 


1.5 X 10* 
6.0 X 10* 


4.1 X lO* 
3.0 X lO' 


6.2xlO» 1 
1.8 X lO' 1 



halation and characterization of higher tffinity heavy chain skilled scf. 

The Vh5 heavy chain shuffled library was subjected to four rounds of 
selection on decreasing soluble antigen concentration (100 Nm, 5nM, 10 Nm, and, 1 
Nm). In a separate set of experiments, the rounds of selection were performed using 40 
Nm, 1 Nm, 0.1 Nm, and 0.01 Nm antigen concentration. Using the higher set of 
antigen concentrations for selection, 56/90 clones were poative for c-erbB-binding by 
EUSA after tiie 4th round of selection. None of these clones, howevCT, had a slower k;^ 
than die parental sFy. Using tiie lower set of antigen concentrations for selection, more 
clones were positive for c-ert)B-2 binding by ELISA (82/90) after the 4th round of 
sdection, and 12% had a slower k^ tiian tiie parental sFv. No binders were isolated 
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from idther the V„l or Vh3 shuffled libraries. Sequencing of the gene of aU slower 
Kb Clones revealed two unique sFv, C6H1 and C6H2 (Table 12). Hie V„ genes of 
C6H1 and C€H2 were derived from the same germline gene as the paiental sFv, but 
differed by 7 and 9 amino acids ie!?)ectively. C6H1 also had a stop codon in the heavy 
chain CDRl and was expressed as a PHI fusion due to read through, albeit at very low 
levels. The two SFv were subcloned and purified by IMAC and gd filtration. Both sFv 
were monomeric as determined by gel filtration C6H1 had 3 fold higher affinity for 

c-erbB-2 than C6.5 and C6H2 had 5 fold higher affinity than C6.5CWjle 11). Hw 
increased affinity of C6H(5.9 x 10* M) was due to a fiuter k«. whereas the increased 
affinity of C6H2 (3.1 x 1(^ M) was due to both a fester k;. and slower (Table 11). 

l^><xaion of nmasiom in shuffled scf 

Mutations in chaindiufiled sFv were modeled on the Fv fragment of the 
immunoglobulin KOL (Mazquart et al. (1980). st^nt) (Figures 2 and 3). KOL was 

selected as the model because it has a gene derived fiom the same femily as C6.5, 
and a Vh gene with the same length CDR2. Mutations in higher affinity sFv were looted 
both in suzfece residues at the antigen combining site, as weU as residues located fer 
from the binding site (Rgure 2). Excq)t for two conservative mutations in 
frameworic 3 (V89M and F91Y). no mutations were located in residues which form the 
two 5 stranded B-sheets that form the V^-V^. interface (Chothia et al. (1985) J. Mol 
Biol. 186. 651-663) (figure 2 and Tables 10 and 12). In contrast. aU 4 light chain 
shuffled sFv which formed mixtures of monomer and dimer had mutations in residues 
which formed the B-sheet that packs oh the V„ domain (Table 4 and Figure 3). 
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QOtmned hv chain ^tmimiric, r^^^Ksasi 

r^WrffOn of Hinhpr Aff .^ ^ 

In order to iHCfMieiugherafiSnity mutants derived ftnmnfi^ - 
light chain and heavy chain CDR3 w«« ^ <»enved fton, C6.5 part of the 

««« u sequentudly nuidomized. The C6.5 VL CDR3 

:r. ::r :r ^ 

^ hy randomi^.^: S;::-^^^^ 
and VPQH CHhrary SSSN. AKPB and VPQH res^!!,^ dlTh^r ^ 



lis and Mfftin*t<ff 
Construction of phage antibody libraries 

. ^ , ^ arove;. For the mne amino adds 

»«o of nucleoaaes cl«»ea „ U« a« 
ammo aad was 49%. ' 
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To create the library, C6.5 sFv DNA (10 ng) was amplified by PGR in 50 
fd reactions containing 25 pmol LMB3 (Marks et al., 1991 J. Mol Biol 222: 581-597), 
25 pmol VLl, 250 piM dNTPs, 1.5 mM MgClj, and 1 /tl (5 units) Taq DNA polymerase 
(Promega) in the manufacturers buffer. The reaction mixture was subjected to 30 cycles 
5. of amplification (94°C for 30 s, 50°C for 30 s and 72°C for 1 min) using a Hybaid 

OmniGene cycler. 

To introduce a NotI restriction site at die 3* end of the sFv gene 
repertoire, the PGR fragment (850 bp) was gel purified and reamplified using the primers 
LMB3 and VL2 (Table 18). The PGR product was purified, digested with Sfil and Nofl, 

Xfi and ligated into pCANTAB5E (Pharmacia) digested with Sfil and Notl. 

Ligation mixtures were piuified as previously described above and aliquots 
dectrpporated (Dower et al. (1988) Nucleic Acids Res., 16: 6127-45) into 50 ftl E. coli 
TGI (Gibson (1984) Studies on the Epstein-Barr virus genome. PhD theds, University of 
Cambridge). GeUs were grown in 1 ml SOG (Sambrook et al., (1990) si^ra.) for 30 

iff min and thai plated on TYE (Miller, J. H. (1972) Experiments in Molecular Genetics, 

Cold Springs Harbor Lab Press, Cold Springs Harbor, New York.) media containing 
100 /tg ampidllin/ml and 1 % (w/v) glucose (TYE-AMP-Glu). Colonies were scraped 
ofr the plates into 5 ml of 2 x TY broth (Miller (1972) stgtra.) ccmtaining 100 /ig 
ampidllin/ml, 1% glucose (2xTY-AMP-Glu) and 15% (v/v) glycerol for storage at 

2fl -70'C. The cloning effici«icy and diversity of libraries was determined by PGR 

screening (Gussow & Qackson (1989) Nucleic Acids Res. 17) exacfly as described in 
(Marks et al., (1991) siqtra.) and by DNA sequencing (Sanger et al. (1977) Proc. Natl. 
Acad. Sd. USA, 74: 5463-7). The mutant phage antibody library was designated 
C6VLCDR3. 

2S. Four libraries of Vh GDR3 mutants were constructed. For construction of 

each Vh CDR3 library, oligonucleotides (VHA, VHB, VHG, and VHD; Table 18) were 
designed which completely randomized four amino acid residues located in CDR3 
(amino acid residues 96 to 99, Ubrary A; residues 100a to lOOd, library B; residues 
lOOf, lOOg, lOQi, and lOOj, Ubrary C; and residues lOOk to H102, library D; Table 13). 

M To create the libraries, DNA encoding the Vh goie of C6.5 sFv DNA (10 ng) was 

amplified by PGR in 50 /il reactions containing 25 pmol LMB3 (Marks et al., 1991) and 
25 pmol of dther VHA, VHB, VHG, or VHD exacfly as described above. The resulting 
PGR fragments were designated VHAl, VHBl, VHGl, and VHDl, based on the 
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mutagenic oligonucleotide used for ampUfication. In four separate PCR reactions. DNA 
- encoding the ligltt chain. sFv linker. V„ framework 4 (FR4). and a portion of Vh'cdR3 
of C6MI3-9 was amplified by PCR as described above using the primers Cfihisnot and 
either RVHA, RVHB. RVHC, or RVHD (Table 18). 

^ These ampUfications yielded PCR ftagments VHA2, VHB2. VHC2, and 

VHD2. The 5* end of primers RVHA. RVHB. RVHC, and RVHD were designed to be 
complementary to the 5' ends of primers VHA, VHB. VHC, and VHD respectively. 
Hiis conq>lementarity permits joining of the VHl and VH2 PCR fragments together to 
create a fWl length SFv gene repertoire using spUdng by overlap extension. To create 
iff ^««erq)ertoires,2C)0ng of each PCR ftagment(VHAl and VHA2 

VHBl and VHB2. VHCl and VHC2. or VHDl and VHD2) were combined in 50 ml 
PCR reaction mixtures (as described above) and cycled seven times to join the 
(94-C for 30s. 60-C for 5s. 40-C for 5s (RAMP: 5s). 72^C for 1 min). After seven 
cycles, outer primers LMB3 and Cfihisnot were added and the mixtures amplified for 30 
25 cycles (94-C for 30 s. 50-C for 30 s. 72-C for 1 min). The PCR products wae 

purified as described above, digested with Sfil ami Notl. ami scpaxzttly li^ into 
PCANTAB5E (Pharmacia) digested with Sfil and Notl. ITie fourligalion mixtures were 

purified as described above and dectroporated into 50 ,d £. co/i TCI. TWormed 
ceUs were grown and plated, and libraries characterized and stored, as described above. 
Za The mutant phage antibody libraries were designated C6VHCDR3A. C6VHCDR3B, 

C6VHCDR3C, and C6VHCDR3D. 

Prt^otion of phage and selection of phage amibodymrari& 

Preparation of phage for selection was performed exactly as described in 
Examples land 2.. Phage particles wae purified and concentrated by two 
PEG-predpitations (Sambrook et aJ. . 1990). resuspended in 5 mi phosphate buffered 
saline (25 mM NaH,PO.. 125 mM NaQ. pH 7.0. PBS) and filtered through a 0.45 m 
filter. AU libraries were selected using biotinylated c-erbB-2 ECD and 
streptavidin-coated paramagnetic beads M280 (Dynal) as described above. For sdection 
of the C6VLCDR3 library. o^B.2 ECD concentrations of 4.0 x 10* M. 1.0 x 1(^ M 
1.0 X 10->o M, and 1.0 x 10"" M were used for selection n,unds 1. 2. 3. ind 4 
respectively. Hie mixture of phage and antigen was gently rotated fori h at room 
teii«)erature and phage bound to biotinylated antigen captured using 100 ]d (romid 1) or 
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SO fil (rounds 2, 3, and 4) of strqptavidin-coated M280 magnetic beads. After capture of 
phage, Dynabeads were washed a total of ten times (three times in PBS containing 

0. 05% Tween 20 (TPBS), twice in TPBS containing 2% skimmed milk powder 
(2%MTPBS), twice in PBS, once in 2%MPBS, and twice in PBS) using a Dynal 

i magnetic particle concratrator. The Dynabeads wrae resuspended in 1 ml PBS, and 300 

fd WCTe used to infect 10 ml log phase E. cali TGI which were plated on TYE-AMP-Glu 
plates. For selection of the C6VHCDR3 libraries, c-erbB-2 ECD concentrations of 5.0 x 
lO"' M, 5.0 X 10^" M, 5.0 X lO"" M, and 5.0 x 10-*' M were used for selection rounds 

1, 2, 3, and 4 respectively and the phage captured by incubating with 50 fd of 
lit Dynabeads for 5 min. 

The washing protocol was altered to select for sFv with the lowest 
(Hawkins et al. (1992) J. MoL Biol 226: 889-896). Dynabeads with bound phage were 
initially subjected to five rapid washes (4 x TPBS, 1 x MPBS) followed by six 30 min 
incubations in one of three washing buffer (2 x TPBS, 2 x MPBS, 2 x PBS) containing 
li 1.0 X 10^ M c-erbB-2 ECD. Bound phage were eluted fiom the Dynabeads by 

sequential incubation with 100 /d of 4 M MgOj for 15 min followed by 100 id of 100 
mM HCl for 5 min. Huates were combined and neutralized with 1.5 ml of 1 M Tiis 
HQ, pH 7.5 and one third of the eluate used to infect log phase E. co/i TGI. 

2fi Initial sFv characterization. 

Initial analysis of selected sFv clones for binding to c-erbB-2 ECD was 
determined by phage ELISA. To prepare phage for EUSA, single ampiciUin resistant 
colonies were transferred into microtitre plate wells containing 100 /d 2xTY-AMP-0. 1 % 
glucose and grown for three hours at 37'*C to an A«o of 2?)proximately 0.5. VCSM13 

25, hdper phage (2.5 x 10" phage) were added to each well, and the ceUs incubated for 1 

hourat37*C. 

Kanamycin was then added to each well to a final concmtration of 25 
Mg/ml and the bacteria grown overnight at 37"C. Supematants containing phage were 
used for ELISA. For EUSA, Immunolon 4 plates (Dynatech) were incubated overnight 
2fl at 4'*C with ImmunoPure avidin (10 ^g/ml in PBS; Ksrce). After washing three times 

with PBS to remove unboimd avidin, wells were incubated with biotinylated c-erbB-2 
ECD as described above. 
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Binding of sFv phage to c-erbB-2 BCD was detected with 
peioxidase^onjugated anti-MlS antibody (Pharmacia) and ABTS (Sigma) as substrate. 
Selected binders were further characterized by DNA sequencing of the Vh and genes. 

Ranking of sFv by was performed using SPR in a BIAcore as described 
i above. Briefly, 10 ml cultures of 24 EUSA positive clones from the third and fourth 

round of selection were grown to an of approximately 0.8, sFv expression induced 
(De Bellis « fl7. (1990). Nucleic Acids JRes., 18: 1311) and the culture grown overaight 
at 25*C. Single-chain Fv were harvested from the periplasm (Breitling et al. (1991) 
Gene, 104: 147-153), and the periplasmic ftaction dialyzed for 48 h against hepes 

la buffered saline (10 mM hepes, 150 mM NaCl, pH 7.4, HBS). In a BIAcore flow cdl. 

^5«o»inatdy 1400 resonance units (RU) of c-eri>B-2 BCD were coiq^ 
sensor chq> using NHS-EDC chemistry (Johnsson et al. (1991) AnaJ. Biochem. 198: 
268-277). Association and dissociation of undUuted sFy in the periplasmic fraction were 
measured under a constant flow of 5 Ml/min and HBS as nmningbufer. Anapparentk^ 

IS. '«^<tetennined from the dissociation part of the sensorgram for each sFvanal^ 

(Karlsson et al. (1993) /. bnnmtol Meth. 166: 75-84). The flow cdl was r^enerated 

between samples using sequential injections of 4 M Mga, and 100 mM triethyl^ 
without significant change in the sensorgram baseline after analysis of more than 100 
samples. 



21 



Subcloning, expression and purification cfsFy. 

To fedUtate purification of sFv sdecled from the C6VLCDR3 Ubrary, the 
SFv genes were subcloned into the expression vector pUC119 Sfi-NotmydBs, which' 
results in the addition of a hexa-histidine tag at the C-terminal end of the sFv'. n»e sFv 
selected from the C6VHCDR3 library already have a C-terminal hexa-histidine tag and 
therefore could be purified without subcloning. 500 ml cultures of E. coU TGI 
harixiring one of the C6.5 mutant phagemids were grown, expression of sFv induced (De 
Bellis « a/. (1990) ji^pro.), and the culture grown at 25-C overnight. Single^ihain Fv 
were harvested from the periplasm (Breifling et al. (1991) supra.), dialyzed overnight at 
4-C against 8 L of IMAC loading buffer (50 mM sodium phosphate. pH 7.5, 500 mM 
Naa. 20 mM imidazole) and then filtered through a 0.2 micron filter. Single-chain Fv 
was purified by IMAC (Hochuli et al. (1988) Bio/Technology, 6: 1321-1325) as 
described above. 
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To sepaiate monomelic, dimeiic and aggregated sFv, samples were 
concentrated to a volume < 1 ml in a Centricon 10 (Amicon) and fractionated on a 
Superdex 75 column using a running buffer of HBS. The purity of the final preparation 
was evaluated by assaying an aliquot by SDS-PAGE. Protein bands were detected by 
5 Coomassie staining. The concentration was determined spectrbi^otometrically, assuming 

an Ajjo nm of 1.0 corresponds to an sFv concentration of 0.7 mg/ml. 

Measurement of effinity and binding kinetics. 

The K< of sFv were determined using SPR in a BIAcore. In a BIAcore 
Zfi flow ceU, proximately 1400 RU of c-crbB-2 ECD (90 kDa, McCartney et al. (1995) 

Protein Eng. 8: 301-314) wctc coupled to a CMS soisor chip (Johnsson cr al. (1991) 
supra.). Association rates were measured under continuous flow of 5 ml/min using 
concentrations ranging from 5.0 x lO* to 8.0 x la' M. Rate constant k;_ was 
determined from a plot of (bi (dR/dt))/t vs concoitratton (Karlsson et al., 1991). 
15. To v«ify that differences in wmc not due to differences in 

inununoreactivity, the relative concentrations of functional sFv was determined using 
SPR in a BIAcore (Karisson et al. (1993) supra.). Briefly, 4000 RU of c-erbB-2 ECD 
were coupled to a CMS sensor chip and the rate of binding of C6.5 (RU/s) determined 
under a constant flow of 30 ml/min. Over the concentration range of 1.0 x lO* M to 1.0 
2Q X Ky M, the rate of binding was proportional to the log of the sFv concentration. 

Purified sFv were diluted to the same concentration (1.0 x 10« M and 2.0 x 10^ M) as 
determined by Ajj,. The rate of binding to c-crbB-2 ECD was measured and used to 
calculate the concentration based on the standard curve constructed from C6.5. 
Dissociation rates were measured using a constant flow of 25 fiUnan and a sFv 
2£ concentration of 1.0 X 10* M. was determined during the first 2 min of dissociation 

for sFv mutated in Vl CDR3 (Karlsson et al. (1991) supra.) and during the first 15 to 60 
min for clones with k.^ below 5 x 10-* s ' (sFv mutated in Vh CDR3 and combined sFv), 
To exclude, rebinding, was determined in the presence and absence of 5.0 x 10"' M 
c-erbB-2 ECD as described above in Examples 1 and 2. 



2a 



Cell surface retention assay. 

The cdl surface retention of selected sFv was determined on live SK-OV-3 
ceUs using a fluorescence activated cell sorter (FACS). Purified sFv were labeled with 
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NHS.IX:-Biotin (Kera) using the manufactuiers instr^^ ITie concentration of 
immunoreactivebiotinylated SFv was calculated using SPR as describe He 
efficiency of biotinylation was also detennined in a BIAcore using a How ceU to which 
5000 RU of strq)tavidin was coupled. Ihe total responses after association wcie 
compared between samples and concentrations of sFv were adjusted using thu results 
obtained irom the BIAcore. For the assay. aUquots of SK-OV-3 ceUs (1.2 x 10' 

positive cdk) were incubated with 14 ^g biolinylated sFv in a total volume of 
0.5 ml (1 lOA SFv) FACS buffer (PBS containing 1% BSA and 0.1% NaN,) for 1 h at 
37-C. Cdls weic washed twice with 10 ml FACS buffer (4*C) and resuspended in 12 
ml FACS buffer and further incubated at 37-C, Aliquots of cells (0.5 ml fiom 12 ml 

containing 5 X lO* cdb) were taken after 5 min, every 15 min for the first ho^ 
two hours repeating the wash and resuspension cycle. Washed ceU aUquots were fixed 
with 1 % paraformaldehyde, washed twice with FACS buffer, and incubated for 15 min 
at 4-C with a 1:800 dUution of phycoerythiine-labeled streptavidin (Pierce) 
Fluorescence was measured by FACS and the percent retained fluorescence on the ceU 
surfaceplottedversus.thetimepoints. Singlen^ain Fv used for the ceU surface retention 
assay were C6.5 (K. « 1.6 x 10- M). C6ML3-9 (K. » 1.0 x 10- M). C6MH3-B1 (K. 

n il T «;ot "^'^^"^ ^ ^''''^ ^' 

Scu USA. 85: 5879-83) as negative control. 



High resolution fimctional scan of C6.5 V„ CDR3, 

A high resolution fimctional scan of the C6.5 V„ CDR3 was performed by 
mdrvrdually mutating residues 95-99. lOOa-lOOd. and lOOg-102 to alanine. TT.epairof 
cystine residues (100 and lOOe) were simultaneously mutated to serine. Residue lOOf 
(alanme) was not studied. Mutations were introduced by oligonucleotide directed 
mutagenesis using the method of Kunkd et aJ. (1987) Meth. Enzynu>L. 154: 367-82 

Insertion of Uie correct mutation was verified by DNA sequencing, and 
SFV wa. expressed (De Bellis et aU (1990) supra.; BreiUing et al. (1991) supr. and 
purified by IMAC (Hochuli al. (1988) supntj. Affinities were detennined by SPR as 
aescnbed above and compared to C6.5 sFv. 

Modeling of location of mutations. 
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The location of mutations in mutated sFv was modeled on the structure of 
the Fab KOL (Marquart ct al. (1980) J. Mol Biol, 141: 369-391) using the program O 
(Jones et al. (1991). Acta Cryst., A47: 110-119) on a Silicon Graphics workstation^ 

Ht Resff Its 

1) Mutation of C6-5 sFv V, CDR3 

Library construction and selection. 

As e3q>lained above, 9 amino adds in CDR3 were partially randomized 
by synthesizing a •'doped" oligonucleotide in which the wild-type nucleotide occurred 
wifli a firequwxcy of 49%. After transformation, a library of 1.0 x 10^ clones was 
obtained. The mutant phage antibody library was rfgHtign^^ed C6VLCDR3. 

Polymerase chain reaction (PGR) screening revealed that 100% of clones 
analyzed had full length insert and diversity was confirmed by sequencing the Vl CDR3 
of ten clones from the unselected library. Prior to selection, S/92 clones selected at 
random esqiressed sFv whidi bound c-eibB-2 BCD by enzyme linked immunosorbent 
assay (ELISA). 

The C6VLCDR3 library was subjected to four roimds of selection using 
decreasing concMtrations of biotinylated c-«rbB-2 BCD. A relatively high antigra 
concmtration (4.0 x 10^ M) was used for the first round to C£Q)ture rare or poorly 
pressed phage antibodies. The concentration was decreased 40 fold for the second 
round (1.0 x 10"' M), and decreased a further tenfold each of the subsequent two rounds 
(1.0 X 10"^** M, 3rd round; 1.0 x lO"" M, 4th round). After each round of selection, tiie 
concentration of binding phage in the ix)lyclonal phage preparation was determined by 
measuring the rate of binding of polyclonal phage to c-erbB-2 BCD under mass transport 
limited conditions using surface plasmon resonance (SPR) in a BIAcore. The results 
were used to guide the antigen concentration for the subsequent round of sdection. After 
both the third and fourth rounds of selection, 92/92 clones bound c-erbB-2 BCD by 
ELTSA. 

Characterization if mutant sFv. 

To identify sFv with a lower than wild-type sFv, j^jparent k^ was 
determined by SPR in a BIAcore on unpurified native sFv in bacterial periplasm. 
Twenty-four sFv from the third and fourth rounds of selection w^e ranted by After 
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residiies zppeax to have a structural role in the variable domain, either in maintaining the 
main chain conformation of the loop, or in packing on the Vh domain. Residues A89, 
W91, and D92 are idratical in both C6«5 and KOL, with conservative substitutions A90S 
and G96A observed at the other two positions in KOL, consistent with a structural role. 

in the model of C6.S indicated by this invention, G9Sb is in a turn and 
A89, A90, and W91 pack against the Vh domain at the Vh-V^ interface. Hydrogen 
bonds betwem V)I>92 and V,S27a and V|N27b bridge L3 and LI to stabilize the L3 and 
LI conformations. 

2) Mytatipn gf CflViU-P sVy Yh CPR3 
Library construction and selection. 

To further increase the affinity of C6.S, we chose to mutate the Vh CDR3 
of the highest affinity sFv (C6ML3-9, Kd = 1.0 x iO"^ M) isolated from the C6VLCDR3 
library, rather than mutate C6.S V^ CDR3 indq»idmtly and combine mutants. Hiis 
sequential dspptoadi was taken since the kinetic effects of indq>mdratly isolated antibody 
fragment mutations arc frequently not additive (Yang et al. (199S) J. Mol. BioL, 254: 
392-403). 

Due to the Imgth of the C6.5 Vh CDR3 (20 amino acids), a high 
resolution functional scan was performed on C6.S sFv in an attempt to reduce the 
number of amino adds subjected to mutation. Residues 95-99, lOOa-lOOd, and 100g-lQ2 
were sqparatdy mutated to alanine, and the of the mutated sFv determined. Residue 
lOQf (alanine) was not studied. Residues 100 and lOOe are a pair of cysteines separated 
by four amino adds. A homologous siequoice in KOL (Marquardt et al. (1980) supra.) 
results in a disulfide bond between the two cysteines and a four residue miniloop. 
Therefore the two cysteines were simultaneously mutated to serine. 

Results of the alanine scan are shown in Table 13. No detectable binding 
to c-ert)B-2 ECD could be measured by BIAcore for C6.5H95A, C6.5W100hA, and 
C6.5£100jA. Three additional alanine mutants (G98A, YlOOkA, and FIOOIA) yielded 
sFv with 20 fold to 100 fold higher than wt sFv, Substitution of the two cystdnes by 
alanine (1(X), lOOe) yielded an sFv with an 17.5 fold higher K^, and a much faster 
(1.38 X la^ s*^) than wt C6.5. The remainder of the alanine substitutions yielded only 
minor (0.5 to 3.7 fold) increases or decreases in K^. 
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Table 13. Binding kinetics of C6.S Vh CDR3 mutants obtained by high resolution 
functional scan. Amino add residues 95-99, lOOa-lOOd, and 100g-lQ2 of C6.S Vh 
CDR3 were mutated to alanine using site directed mutagraesis. Cysteine residues, ClOO 
and ClOOe, were simultaneously mutated to serine, k^, and were measured by SPR 
in a BIAcore, and the calculated. Numboing is according to Kabat et al. (1987). 
NB=no binding. 



sFv done 


Kd (C6^ 


[i(r*M] 


[10*M-*s-*] 










rio 








4.0 


2.2 ± U.;54 


l.U ± U.U2 




J.U 


4.0 


3.1 ± U.b2 


l.i ± 0.U2 


L^O.DOyoA. 




J1.7 


4.1 ± U.71 


13 ± U.55 


/ <i» WUUA 

i^O.O X ySrA 


O. / 


3.y 


y.U ± U.17 


D.3 ± U.U7 


^O. JC^xUUd/ iUUco 


1 /.o 




3.U ± U.2D 


13.8 ± U.71 


CoOdlUUaA 


1.8 


2.8 


4.7 ± U.35 


1.3 ± 0.04 


UO.DdiUUDA 


2.9 


4.7 


3,4 ± U.4il 


i.b ± U.07 


^0.3d IxAJCA 


l.D 


2.4 


4.0 ± 


1,1 ± U.U3 


K^OmJlH XxAJiXA 


i.o 


2.y 


4.1 ± U.34 


1.2 ± U.U5 




U.O 


0.9o 


4.3 ± 0.31 


U.42 ± U.Ol 


C6.5W10UhA 


NB 


MB 


NB 


TslS 

LSD 


C6.5PlUaiA 


U.6 


1.0 


1U.!> ± 0.12 


1.1 i 0.02 




fJB 




MB 




C6.5Y100kA 


101.0 


161.6 


U.7J ± 0.07 


11.8 ± 0.25 




2H.4 


45.4 


1.1 ± 0.13 


5.0 ± 0.06 








12.0 ± 0.02 


0.98 ± 0.02 


C6.i)HlU2A 


1.2 


i.y 


i.9 ± 0.57 


1.1 ± 0.02 



revealed that 100% of clones from all four libraries had full Imgth insert and that the 
sequences were diverse (results not shown). Prior to selection^ the percent of clones 
expressing sFv which bound c-erbB-2 ECD by EUSA was 1% for C6VHCDR3 library 
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C6KH3-B15 


HDVGYCESSRCAKWPErFQH 




7.7 X 10"'® 


2.9 X 10"* 


C6MH3-B11 


HDVGYCSDRSCAKWPEYFQH 




2.2 X 10'" 


2.3 X 10-* 


C6HH3*B9 


HDVGYC]KTAACAKWPEYFOH 




8.7 X 10'" 


3.3 X 10-* 


C6MH3-B8 


HP VG YC * TERCAKWPB YFQH 




7.2 X 10*"" 


2.9 X 10"* 


C6MH3-B2 


HDVGYCTDPRCAKWPEYFOH 




3 - 1 X 10"* 


3.1 X 10"* 


C6MH3— Bj9 


HDVGYCTDPTCAKWPEzFQn 






1.9 X 10 


C6HH3-B25 


HDVGYCLTTRCJkKWPEYFOH 




3.6 X 10-" 


1.9 X 10-* 


C6MH3-B21 


HDVGYCTTPLCAKWPEYFQH 




7.3 X 10" 


2.4 X 10-* 


C6HH3*B20 


HDVGYCSPARCAKWPEYFQH 




8.7 X 10-" 


1.6 X 10-* 


C6KH3-B16 


HDV6YCADVRCAKWPEYFOH 




3.1 X 10-" 


2.8 X 10-« 


C6MH3-B47 


HDVGYCTDRSTCAICWPEYFQH 




1.1 X 10*" 


p. 75 X 10" 


C6HH3-B48 


HDVGYCTDPSTCAKWPEYFQH 




2 .3 X 10"" 


1.3 X 10 -* 


C6MH3-B5 


HDVOYCTDATTCAKWPEYFOH 




3.4 X 10"" 


2.3 X 10-* 


C6MH3-B4a 


HDVGYCTDRPTCAKWPEYFOH 




5.3 X 10-" 


2.7 X 10-* 


C6MH3-B2 


HDVGYC^TDPRTCAKWFEYFOH 




5.8 X 10"" 


3.2 X 10"* 


C6MH3-B27 


HDVGYCIKNSRTCAKWPEYFOH 




4.7 X 10"" 


4.0 X 10-* 


C6MH3-B34 


HDVGYOODTRTCAKHPBYPQH 


VL QIR 


ND 


ND 


C6MH3-B43 


HDVGYCEDYTTCAKWPEYFQH 




HD 


ND 


C6MH3-B46 


HDVCYCTTPRTCRKWPEYFOH 


VH K23Q 
VH V76G 


ND 


ND 


C6MH3-B33 


HDV6YCSDQTTCAKWPBYFQH 




ND 


ND 


C6MH3-B31 


HDVGYCDDYTTCJ^KHPEYFQH 


VL P7I* 


ND 


ND 


VH CDR3 library C: 


C6HL3-9 
(wt) 


. AKWPE 




10.0 X 10" 


7 . 6 X 10^ 


C6MH3-C4 


HDVGYCSSSNCAVWPEYFQR 




3.7 X 10*" 


2.0 X 10-* 


C6MH3-C3 


HDVGYC5SSNCAKWPEYFQH 


VH G15B 
VL N54D 


6.5 X 10"" 


3.2 X 10-* 


VH CDR3 library Dt 


C6KL3<*9 
<wt) 


HDVGYCSSSNCAKWPEYFOH 




10.0 X 10"" 


7.6 X 10"* 


C6MH3-D2 


HDVGYCSSSNCAKWPEWLGV 




1.6 X 10" 


2.0 X 10"* 


C6MH3-D3 


HDVGYCSSSNCAKWPEWLDN 




2.7 X 10-" 


2.5 X 10-* 


C6MH3-D6 


HDVGYCSSSNCAKWPEWHYP 




3.5 X 10-" 


1.8 X 10-» 


C6HH3-D5 


HDV6YCSSSNCAKWPEWM0M 




3.8 X 10" 


2.1 X 10-* 
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Due u,J^ <rf isolated »Fv i. C6VHCDM lib«y B. 48 .Pv »u«. by 

lie k., awl Iq^weie d«etiiUi«d by BIAcoK >nd ite oicuiated. 

Veo- di«am «sulB we« obtained ftom tte ft«r libMie ^ 

^.e»l«we„„b«inedflo„,lib»,BfI^,4). Fifteen aFv w«e ^ . 

lower than wt C6ML3-9 and no wt s«ii.-n«^ v ^ ««« wHna 

"-^ ^ ™° "° sequences were observed (Table 14) Thehesf 

C6^. ,*e of d.. sPv »a. 7.5 a ICH te«r a» 

C«^«^.«^.ow.d^C«. Wbiiea^Uie^^or^^^^^ 

T<*le 14). lie co.^ se,««, is ida«ical «ifl, d„ ..^ „f cfiMHS-Bl, wbid, 
■s die sPvmttittK lowest (6.0 xl»»s«). ".■moa 

''™^'«»'«'^'ta.<«dal;^2.5.„3.75fold,owertb«, 
C6MI3.9, bowever exp,«sio. Icvch we« too low to Obtain ade,^ 

th.h-c»i. • ^ -^"Uawei4). Five highwafSmtysFv were isolated, with 

the best having a K, sevenfold higher than wtC6ML3 9 An . 

thafhaHov 1 . An additional sFv was isolated 

t^t had a 1^ lower than wt sl^. however the expression levd was too low to Ob 
adequate purified sFv for measurement of the K.n«t«^ low to obtain 

Th«« , . " "® Oast sequence. Table 14, library D) 

lUere was selection for a consensus mutation of Y100kWanrf,«,t , 

^. . -""^ ^^""^^anfl replacement of FlOOlinth- 

ly^t^^ednontne or leucine. *«ber a«ni.y sPv ^ isolated 1™, .idj^ 

sPv,aco«a™„ft„„,m^B, A stable n,«an. sPv witt, d,e c™,e 
n?>lacement of Y99F had an apoarent t. ? < «m„ 1 

were too low .„„h«- - " "^^ wt, but e,,«ssion levels 

«re too low to ob.aa,ade,,«e purified sHvto ensure d» K,. Fn,n,libn.™c 
"Pv wore w. sPv. wid, one bibber afflni^ ^ „^ ^^^^ ^« 

^. bu. no. in dte -egion intendonaUy n,u,a.^. ^ sFvtl^rbl' 
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a 2.7 fold lower than wt (k^ 3.8 fold lower than C6ML3-9), correlating with the data 
of the alanine scan, in which KlOOgA was the only sFv with decreased k^. 

Ability of alanine scanning to identify residues whidi modulated ^nity. 

Residue ElOOj, the only residue that when converted to aknine had no 
detectable binding, was 100% conserved. OthCTwise, there was no correlation between 
tiie firequmcy with which the wt amino add was recovered and the extent to which 
binding was reduced by substitution to alanine. Similarly, there was no correlation 
between residues shown to modulate affinity by alanine scanning and mutations exhibiting 
improved binding* This is clear when comparing the results obtained from library B 
(where no alanine mutant had more tiian a 2.9 fold increase in and library D (where 
Kd was markedly increased for two alanine mutants, YlOOkA and FIOOIA). Despite the 
differmt alanine scan results, both libraries yielded similar nine and sevrafold increases 
in affinity. This result appears to be different than the results of Lowman et al. (1993) 
J. MoL BioL^ 234: 564-578, who found a mild (R^=0.71) positive correlation betwera 
the firequracy widi which the wt amino acid was recovered from a phage library of 
human growth hormone mutants and the extent to which binding was reduced by alanine 
scanning. In addition, their largest improvements in affinity were for those residues 
shown by alanine scaiming to significantly affect binding. 

The reason for the different results is unclear, however in two of the 
CDR3 libraries where alanine scanning indicated a significant effect on binding (libraries 
A and C), expression levels of mutants were gmoally low. This could have affected the 
selection results. 

3) CorretetBOP between afTinftv and ge fl surface retention of sFv. 

The retention of biotinylated C6.5, C6ML3-9, and C6MH3-B1 sFv on the 
surfece of SK-OV-3 cells ^pressing c-erbB-2 was determined, both to verify the 
observed differences in k^, and to confirm that the antigai as presented in the BIAcore 
had biologic significance. The half life (tj^) of the sFv on the ceU surface was much less 
than 5 min for C6.5, 11 min for C6ML3-9, and 102 min for C6MH3-B1. These values 
agree closely with the calculated from the as determined by SPR in a BIAcore 
(1.6 min for C6.5, 13 min for C6ML3-9, and 135 min for C6MH3-B1). The 
anti-digoxin sFv 26-10 (Huston et al. (1988) supra.) was used as negative control, and 
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Example 4 
Elution 

As higher affinity phage antibodies are generated it hecnm-c 

<*a™d when elating 50 nd« HQ. 100 n*lHa.„4 MM«a T T . 

eliitivf * Ai JWgcij* Even after the 

dated dcmes were screened by BIAcore to identify those ^ the slc^^ 
highest affinity clones resulted f«>n, s«>west k^, the 

Table 15 fi„ 1 ' "^"""^ 100 mM HQ as shown in 

Table 15 On this «q«iment 4 mM Mga, was not c«nuned). 

These results correlated with die amount of phage antibody iib«rv ^ . 
remained bound in the dta^v^ mnooay library that 

HQ r« '-e etaW wift 4 mM MgCl, », ,00 nA, 




glution wliih inn gCl- 



6-3 X 10'» 
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C6HL3-12 




AAWDySRSGWV 


1.6 X 10-* 


7.2 X 10-* 


C6ML3-16 


2 


ASWDYYRSGWV 


5.0 X 10* 


1.7 X 10-* 


C6H13-15 




AAHDRPLHGWV 


2.2 X 10* 


1.3 X 10 -» 


Elution with 100 mH tlreth^ 


ylamine: 


C6KL3-5 


3 


AAWDXSLSGWV 


3.7 X 10* 


1.9 X 10 -^ 


C6ML3-12 


2 


AAHDYSBSGWV 


1.6 X 10* 


7.2 X 10-^ 


C6KL3-18 




ASWDASI.WGWV 


2.4 X 10-» 


6.2 X 10-* 


C6HL3-19 




ASWDRPLWGWV 


1.5 X 10-* 


1.0 X 10-* 


C6ML3-20 




AAV^SIiWGWV 


3.0 X 10* 


1.4 X 10 -' 


Elution with 10 AM HCl: 


C6KL3-5 




AlkWDYSIiSGWV 


3.7 X 10* 


1.9 X 10-^ 


C6HL3-7 




AAWDYAV66WV 


2.6 X 10-* 


1.7 X 10-^ 


C6HL3-21 




AAWDYSQSGWV 


4.5 X, 10* 


2.2 X 10-3 


C6ML3-22 




AAWDASI.SGWV 


8.3 X 10-* 


3.6 X 10^ 


C6KL3-23 




ASWDHSLWGWV 


1.5 X 10-» 


1.0 X lO'V 


C6KL3-24 




AAHDEOXP6HV 


12.4 X 10* 


7.9 X 10-' 


C6ML3-25 




AAWDNRHSGWV 


7.4 X 10^ 


4.4 X 10^ 


C6ML3-26 




AAWDDSRS6WV 


8.3 X 10* 


5.0 X 10' 


Elution with 50 mM HCl: 


C6KL3-6 




ASWDYSLSGWV 


3.2 X lO"* 


1.9 X 10' 


C6KL3*7 




AAWDYAVgQWV 


2.6 X 10^ 


1.7 X 10^ 


C6KL3-12 




AAWDXSRSGWV 


1.6 X 10* 


7.2 X 10-* 


C6HL3-17 




ASWDYYRSGWV 


5.0 X 10* 


1.7 X lO"* 


C6ML3-27 




TAWDYSLS6WV 


no expreeeion 




C6ML3-2B 




A5WDYALS6WV 


2.5 X 10* 


1.7 X 10' 


C6KL3-29 




AAWD6TL.WGWV 


1.7 x 10-* 


2.2 X 10^ 


Elution with 1 c-erbB-2 ECD for 30 minutee 


C6KL3-5 


5 


AAWDXSI.SGWV 


3.7 X 10-* 


1.9 X 10^ 


C6ML3-17 




AAWDYALSGWV 


no expression 




C6ML3-30 


3 


ASWDYYLIGWV 


no expression 





For example, in a second experiment, polyclonal phage were prepared 
after three rounds of selection of the C6VLCDR3 library and studied using SPR in a 



BIAcore. After an initial bulk refractive index change, binding of phage to immobilized 
c-erbB-2 ECD was observed, resulting in an average of 189 RU bound. Phage were 
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then aUowed to dther spontaneously dissodate from c-erbB-2 Ern • u 
JU mM HO, 2.6 M MgOj, or 100 mM lEA. 

100 HO «rf 50 ™M HQ. 6^ by ,00 »«, IBA. 2.6 M MgO fwMcr^ 
«einoveslOO%of»dldhmeC6 5)a«lio™MH,i , °"**°=("">«* 

MAcore scr«^ ida,d* «,e higher ^ .^^ descrtbcTL,. 

feund „ .« lc« e«c«ve *r ^ afflity^^S^ 

men elutiiig by incubating phage bound to antigen with £ it • 

believed the nhaoi- »»t.^ -i- wiui a. co/r, it is 

P«S lolM fpUusM^coi,. ■nmwould^ulvinp.rffacntialsdec.ionofsPvwifl. 
'M'ilBnimftwdecmseith.i- , . «Wis the major 

SFV ^ '^*^"'*'''^'^*''"»^««^<»'^«nedcs Of select 

£co«. "'^'™''^'«>«««SvailaWeferi„f«Sonof 

22. 387; l>»m « a(. (1995) Anafys,. 120: 1153) and tte ^pe of bon* «. . 
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In this example, significantly higher affinity sFv were obtained eluting 
with HCl, pH 1.3 compared to HCl, pH 2.0. In £act, the affinities of sFv isolated after 
elution with HCl^ pH 2*0 w^ no different than results obtained without eluting. 
Similarly, 2.6 M MgClj studied because it was previously determined (see above) 
that it would remove 100% of bound wild type C6.5. This concentration of MgClj, 
however, was ineffective in eluting C6.S CDR3 mutants. Eluting with higher 
concmtrations of MgCl2 would have resulted in the selection of higher affinity sFv. For 
example, 3 M MgClj was required to elute 100% of C6L1 sFv (K^ = 2.5 x 10^ M) 
from a c-erbB-2 BCD BIAcore sensor chip and 4 M MgCl2 was required to elute 100% 
of C6ML3-9 (K^ = 1.0 X 10^ M). 

A convmient way to predict the optimal elumt is to analyze polyclonal 
phage in a BIAcore. . The results can then be used to design elution conditions to achieve 
optimal ^irichmmt for high affinity clones. One approach is to elute sequentially, using 
a less stringmt eluent to remove low affinity binders, followed by a more stringent eluent 
to remove high affinity binders. Thus the BIAcore information is used to select 
^washing' reagrats which remove low affinity phage antibodies more effectively than 
PBS. This will reduce the number of selection rounds and amount of screening required 
to select and idmtify the highest affinity binders. 

This strategy is also be useful to isolate antibodies to low density antigens 
on intact cells or tissue. A mild eluent could be used to remove low affinity phage 
antibodies, which are preferraitially sdected due to high drasity antigm present on the 
cell surface, as well as non-specifically bound phage. Phage specific for lower density 
antigens would then be removed using a more stringent solution. 

An alternative to eluting with stringent solutions is to use antigen 
biotinylated with NHS-SS-Biotin (Pierce) (Griffiths ef al. (1994) EMBO 13: 3245). 
All of the bound phage can be released from the magnetic beads by reducing the 
disulfide bond betwera antigra and biotin. One advantage of this approach is that elution 
of all phage is guaranteed. Use of NHS-SS-Biotin could be combined with use of a 
milder eluent for washing (determined by BIAcore analysis) to increase enrichment for 
highv affinity phage antibodies. 

The present expoiments suggest, however, that use of stringrat eluents 
that are chemically different (acidic, basic, or chaotrqpic) results in the selection of sFv 
of equally high affinity, but of differmt sequence. Isolation of sFv of differmt 
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te^mRcol, dramaticay. For exaiapte, e,«sdon tevd of CfiMU-S (100 

was 100 times less than for wild tvne r« *i /1ft «,»/TN « 

wud type C6.5 (10 mg/L). Furthennore, different sFv might 
have different physicochemical characteristics (dimerization. stabiKty or 

inrn^uaoreactivity) or even different effects (specifidty. W 

Clearance). Thus parallel selections using different stringent eluents should relult in a 

greater number of high affinity binders than use of a single duent. 

Examples 

I. Methntlff, 

^"^^ono/sJ^ combining higher ,mnUyv„ and V, genes, 

thec6vun>Rr;i'^,rc^^^^ 

.« - = l"*»U-9 or Cfflka3-12) were combined with die htahea 

pnme.IA0.3a»d.id,erPMU^ormu.l2(i^UW). "n.. .e. pudi»d «^ 
were r«™pHfied pH.„„ LMB3 a«l Hun 2-3ForNo. (Mar^ « ^. 

K K «^ f -K" C6-12L1 were cooibtacd wid, d,e V. ge«, 

^"tf't '''^'*°"'^'^'^'"'^<«*«H3-Bl,„d 

C^B4^. lie rcar^s^ V« geoes of C6MH3-B1 and .B47 »e„ ...pUfied by 
PCR using the i)riinerUiiB3 and PceVHlEon • .. „ 

ln»i»f.i. .. . "^^'™"'*8«W««l>NcoI and Xhol (located in 

FR4 of Uk heavy chain) and ligated into C6-9L1 or rti^T I ^- . 

„„. " C6-'2L1 digested wiBi Ned and 

^ «^ C^BIU „«, C^B47L1. heavy ch^n Of OiMH^Bl or 
CanD-B47 wa, amplified by PCR udng LMB3 ^ 

CSVHCDHBandDUbnmes. -n-e purified PCR S,g«»,.s were ^ with the V 

o^C6MU^ (VH.^2) du. was used to ceate die C6VH™ Hb^y ely 
- descried above. -n. fUH lengU, spv goie was digested wid. N«,I and No^d 
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ligated into pUC119 Sfi-Notmycffis. Clones were termed C6-B1D1, -B1D2, -B1D3, 
-BIDS, -B1D6, -B47D1, -B47D2. -B47D3, -B47D5. and -B47D6. Colonies were 
screened for the presence of the correct insert by PCR fingerprinting and confirmed by 
DNA sequencing. Single-chain Fv were e^ressed, purified, and affinities determined by 
i SPR, as described above. 

Hi ResPttSt 

EffKts on binding kinetics by combining mmatians from high iffinity sFv. 

As described above, to furth^ increase affinity, the sequmces of the two 

at highest affinity sFv obtained from the VH CDR3B library (C6MH3-B1 or C6MH3-B47) 

were combined with the sequences of sFv isolated from the C6VHCDR3D library 
(C6MH3-D1, -D2, -D3, -D5, or -D6). An increase in affinity from wild-type was 
obtained for all these combinations, yielding an sFv (C6-B1D3) that had a 1230 fold 
lower than wt C6.S (Table 16). The extent of additivity varied considerably, 

IS, however, and could not be predicted from the parental k«», or K^. In some 

combinations, cooperadvity was €>bserved, with a negative AAGi. Additional 
combinations were made between a previously described light chain shuffled C6.5 mutant 
(C6L1, sixfold decreased K^) and one of two Vi. CDR3 mutants (C6ML3-9 and 
C6ML3-12). These combinations yielded sFv with 49 and 84 fold improved affinity 

2fi (T^le 16). Introducing the same rearranged gene into the highest affinity Vh CDR3 

mutants (C6MH3-B1 or C6MH3-B47) resulted in decreased affinity compared to 
C6MH3-B1 (Table 5). 



2S 



31 



Table 16. Binding kinetics of sFv derived from C6.5 Vl CDR3 and Vh CDR3 mutants. 
Mutants obtained by combining mutations of C6MH3-B1 or C6MH3-B47 with mutations 
from D library clones (Dl, D2, D3, D5, D6). Rate constants ko., and were 
measured by SPR in a BIAcore, and the calculated. 



cxone 


tlO « M] 


(1^ b' 




& 

Xparentl 
Kd (mut) 


¥^ fCb.bl 

^ (mut) 


AAG, 
(kcal/mol 
1 


A. Combined mutants: C6ML3-9 OR C6ML3-12 with light chain ahuffled C6L1: 






9*2 ± 
0.20 


3.0 ± 
0.40 


3.0 


49 


+ 0.42 


C6-X2Li 


X.9 


6.7 £■■- 
0.12 


1.3 i" 
0.32 


B.4 


84 


- O.IS 


B. ComDxned mutants: ( 
C6L1: 


DbMH3-Bl OR C6MH3-B47 with light chain shuf 


fled 




6.3 


3.U ± 
0.19 


2.4 ± 
0.01 


0.19 


25 


4- 0.43 


06-84 7L1 


6.0 


3.U i 
0.16 


1.8 ± 
0.01 


O.IS 


27" 


+ 0.45 
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frptfuction of cfi.s.Bns^tf PrnfriTi'-rr. — 

To improve tumor retention sFv dimers (t£Py% wereciealed as described 
above by introducing a free cysteine at the C-terminus of the sFv. n« dimer had a 40 
foM unproved afiBnity compared to the monomer (K, = 4.0 x lO"" M). However 
evaluation of the C6.5 (sFV), in Wk,. show«, no significantly improved tumor retention 
at 24 hours. Without being bound to a dieory . it is believed that the disulfide bond is 
being reduced in ifw, yielding monomeric sFv. 

To obtain a stable molecule for evaluation in Mvo, a C6.5 diabody (also a 
(sPv)J was produced without introducing a cysteine and ciosslinldng^ Instead the 
diabody was produced as described in HoIliger«a/..i^.Ar^/.^^^ ^. 
6444^8 (1993) (see also WO 94/13804). To produce the C6.5 diabody. the p^^tide' 
linker sequence between the V« and V, domains was shortened from 15 amino acids to 5 
ammo acids. Tins was done at the genetic level. Synthetic oligonucleotides encoding the 
5 ammo acxd linker (G.S) were used to PGR amplify the C6.5 V„ and V, genes, which 
were then sphced together to create the C6.5 diabody gene. n,e diabody gene was 
Cloned into pUC119mycHii. the diabody expressed, and purified by IMAC foHowed by 
gel filtration as desoibed above. 

maMAco«.ndfou«dtob.4.2xia»M.wifl,alg,<rf3.2xlO^^.. T^r^a^^ 
to rare labeted diabody <„ fte surftce c*c^2 e,,^ 
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exponmtial decay for binding, this value for cell surface retention correlates with a koir of 
7 X 10"^ s'K This is significantly slower than the 1^ measured on the BIAcore, and 
suggests that c-erbB-2 density is higher on the cell surface than the dmsity used for the 
BIAcore nieasurements. 

The retention of the C6.5 diabody in sdd mice bearing subcutaneous 
SK*OV-3 tumors was compared to C6.S. Single chain Fv were radio-iodinated using the 
chloramine-T method, and 25 fig injected into mice. Values are shown in Table 17 and 
plotted in Figure 4. At 24 hours, tumor retration was 6.48% of the injected dose/gm of 
tumor, compared to 0.98% for C6.S. Tumorblood ratios were 9.7:1 for the diabody 
and 19.6:1 for the C6.S sFv. Significant amounts (1.41%) of the diabody was retained 
at 72 hours. The total area under the curve (AUQ for tumorrblood was 2.3:1. 

The ability of the C6.S diabody to be internalized into c-eibB-2 expressing 
cells was compared to C6.S sFv and higher affinity C6.S mutants. Only the diabody was 
internalized, consistent with studies using monoclonal antibodies to c-erbB-2 which show 
that crosslinking of c-eibB-2 results in internalization. This does not occur with all 
anti-c-erbB-2 antibodies, but rather is epitope dependmt. Thus C6.S recognizes an 
internalizing q)itope, but internalization only results when the receptor is crosslinked by 
the diabody. This opens up the possibility of creating diabody-toxin fusions (since toxins 
must be internalized to be active). It is believed that C6.S also causes signalling through 
c-eibB-2 via cross-linking of the receptor and activation of the tyrosine kinase activity. 
It has been shown that activation of the cell through c-erbB-2 signalling increases the 
SCTsitivity of the cell to conventional cancer chemotherapcutics. Through activation of 
the kinase, C6.5 is expected to have therapeutic properties when combined with a 
convrational cancer chemotherapeutic. 



Table 17. Tissue distribution of diabody as a function of time. 



Time 
(Hrs) 




C6.5 


Tumor 
mean±se 


Blood 
mean±se 


Tumor 
mean±se 


Blood 
mean±se 


0.08 




42.08 ± 0.77 






1 


6.93 ±0.39 


21.47 ± 1.67 






4 


10.06 ± 0.63 


6.73 ± 0.29 


0.98 ± 0.08 


0.05 ± 0.01 


24 


6.48 ± 0.77 


0.67 ± 0.05 
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48 


2.42 ± 0.18 


0.11 ± 0.01 






72 


1.41 ± 0.13 


0.06 ± 0 







ist 



2fi 



2S 



20 



2£ 



4i 



Table 18. S^uoices of primere used in the foregoing examples. Nucleotide mixtures 
used, molar ftaction: 1: A (0.7), C, G, and T (O.IV 2C(QTi A nZT-rTnTT'i 

5'-CAGGAAACAGCTATGAC-3» 



PVH3For2 
PVH5For2 
PC6VL1back 
RJH1/2/6 Xho 
RJH3Xho 
ftJH4/SXho 
PC6V HIFor 
VL1 



y -^TACMCAtXiaCGCACCTGCGGCCGaT CGT^TCATWniaTGTGCGa^AC^^^ 

l:-IXTA66ACGGTC*6Cni«TIXCTCCC(XGAAC>ttC A«CACTCCGGCTG^^ 

5 -WC6GT(UCC »eC6TGCCCTG(axcCAAIICGTGCAGCC»nCAGGCCACmcc eJ^ 

5' - WCGrGACCAGCCTCCCCTaacC CATittGCCCAGCaTTCACCCCACmGCC lS^ 

5' -CACGCTGACCAGCGTeCCCTGCC CCCACnGTCCAACMTTCAeCCCACmGCc Sr^ 
5' •6*CG6TG»CCAGGGTGCCCTGGCC CCAC»TCTGCATC«TTCAGGCCACmGm5 r:r 
5'-CACGGTGAeCAGGCTGCCCTCG CCCaG6GCTAC»TCCATTCAGGC(acmGraarr 

It is understood that the examples and embodiments described herein aie 
for illustrative purposes only and that various modifications or changes in light thereof 

wiU be suggested to persons skiUed in the art and are to be induded within the spirit 
purview of this application and scope of the ^ded daims. All pubKcations, patents, 
and patent applications dted heron are hereby incorporated by reference. 
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WHAT IS CrATNfFD TS= 

1 1. A human antibody that specifically binds to c-erbB-2, said antibody 

2 being a C6 antibody. 

1 2. The antibody of claim 1, wherein said antibody has the variable 

2 heavy (Vh) chain of C6.5. 

1 3. The antibody of claim 1, whraein said antibody has the variable 

2 light (Vh) chain of C6.5, 

1 4. The antibody of claim 1, whmin said antibody is C6.5. 

1 5. The antibody of claim 1, wherein said antibody has the amino acid 

2 sequence of C6.S. 

1 6. The antibody of claim 1, wherein said antibody has the amino add 

2 sequence of C6ML3-14. 

1 7. The antibody of claim 1, wherein said antibody has the amino acid 

2 sequence of C6L1. 

1 8. The antibody of claim 1, wherein said antibody has the amino acid 

2 sequence of C6MH3-B1. 

1 9. The antibody of claim 1, wherein said antibody has the amino add 

2 sequence of C6ML3-9. 

1 10. The antibody of claim 1, wherein said antibody is selected from the 

2 group consisting of an antibody having a Vi. domain with one of the amino add 

3 sequences shown in Table 10, an antibody having a Vh domain with one of the amino 

4 add sequences shown in Table 12, an antibody having a V^ CDR3 domain having one of 



BNSDOCID: <WO 9700271A1_L> 



wo 97/00271 

PCT/US96/10287 

1Q2 



5 



acid sequences shown i„ Tables 4. 15, and 16. and an antibody having a V„ 
6 C^^«»on«„,havu.g one Of the anuno add sequences shovm in Tables 1^ 

1 , "^^ '"'^^^^"^"^^• ^^"^^"said antibody expressed by 

2 the clones listed in Table 16. oy any ot 

1 



1 



12. The antibody of claim 1. whei«n said antibody is an Fab. 

13. The antibody of claim 1, wherein said antibody is an (Fab% 

14. The antibody ofdaiml, wherein said antibody(sFv% 



1 



2 oftwosPvCents"^"""'"""^ "'^"'""^^^"^^ 

1 16. The antibody of daim 1. wherein said antibody is C6.5 Fab. 

^ 17. The antibody of claim 1, wherein said antibody is C6.5(Fab'),. 

\ °f 1. wherein said antibody is C6.5(sFv»),. 

2 K therein said antibody has a IC.«nEinH 

2 ftomai>outl.6xlO^MtolOxlO-"Min«iri>i,o • / ««« a rangmg 

, X 10- M m SK-BR-3 usmg a Scatchard assay or aeainst 

3 Punfiedc-eri,B-2 by surface plasmon resonance in a BIAcore. ^^^^^^^^ 



2 ^' ""^^^y said K, is about 1.6 x 10- M. 

2 binds to c-erb^2. ^ ""^^^ ^"^"^^ ^ ^"-^ -^^X tHat specifi^^^ 



1 
2 



SKM. 1.''.., 21, wherm said C6 antibody binds to 

SK-BR-3 ceUs wifli a less than about 1.6 X 10* as determin«H • 

i.o X nr- as determined using a scatchard assay. 
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1 23. The nucleic acid of claim 21, wherein said nucleic add encodes an 

2 an antibody selected from the group consisting of an antibody having a 1V|, domain 

3 containing one of the amino add sequences shown in Table 10, an antibody having a Vh 

4 domain containing one of the amino add sequraces shown in Table 12, an antibody 

5 having a CDR3 domain containing one of the amino add sequences shown in Tables 

6 4, IS, and 16, and an antibody having a Vh CDR3 domain containing one of the amino 

7 add sequences shown in Tables 13 and 14« 

1 24. The nucleic acid of claim 21, wherein said nucldc add encodes the 

2 variable light (VJ chain of C6.S. 

1 2S. The nucleic add of claim 21, wherein said nucleic acid encodes the 

2 variable heavy (Vh) chain of C6.5. 

1 26^ The nucleic add of claim 21, wherein said nudeic add encodes 

2 C6.5. 

1 27. The nucldc add of daim 21, wherein said nucldc add racodes tiie 

2 the amino add of a C6.S antibody and conservative amino add substitutions of said C6.S 

3 antibody. 

1 28. A cell comprising a recombinant nuddc add that encodes a human 

2 antibody that specifically binds c-erbB-2, wherein said antibody is a C6 antibody. 

1 29. A chimeric molecule that spedfically binds a tumor ceU bearing c- 

2 eibB-2, said chimeric molecule comprising an effector molecule attached to a human C6 

3 antibody that spedfically binds c-erbB-2. 

1 30. The chimeric molecule of claim 28, wherein said C6 antibody is a 

2 single chain Fv (sFv). 
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31. The chimeric molecule of claim 28, wherein said effector molecule 
is selected from the group consisting of a cytotoxin, a label, a radionudide, a drug, a 
liposome, a ligand, and an antibody. 

32. The chimaic molecule of claim 28, wherein said effector molecule 
is a Pseudomonas exotoxin. 

33. The chimeric molecule of claim 28, wherein said chimeric molecule 
is a fusion protein. 

34. A method for making a C6 antibody, said method comprising: 

i) providing a phage Ubrary presenting a C6.5 variable heavy (V„) 
chain and a multipUdty of human variable Ught (VJ chains; 

ii) panning said phage library on c-erbB-2; and 

iii) isolating phage that specifically bind said c-eibB-2. 

35. The m^od of claim 33, further comprising: 

iv) providing a phage library presentiiig a the variable light chain (V J 
of the phage isolated in step iu and a multiplicity of human variable heavy (Vh) 
chains; 

v) panning said phage Ubrary on immobilized c-eibB-2; and 

vi) isolating phage that specifically bind said c-crbB-2. 

36. A method for making a C6 antibody, said method comprising: 

i) providing a phage library presenting a C6.5 variable light (VJ 
chain and a multipUdty of human variable heavy (Vh) chains; 

ii) panning said phage library on immobilized c-erbB-2; and 

iii) isolating phage that specifically bind said c-erbB-2. 

37. A method for making a C6 antibody, said method comprising: 

i) providing a phage library presenting a C6.5 variable light (VJ and 
a C6.5 variable heavy chain encoded by a nudcac add variable in the sequence 
encoding the CDRs such that each phage display a different CDR; 
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1 ii) panning said phage library on c-eibB-2; and 

2 iii) isolating phage that ^)ecificaUy bind said c-erbB-2. 



1 38. A method for impairing growth of tumor cells bearing c-erbB-2, 

2 said method comprising contacting said tumor with a chim^c molecule comprising a 

3 c3rtotoxin attached to a human C6 antibody that specifically binds c-^B-2. 

1 39. A method for detecting tumor cells bearing c-eibB-2, said method 

2 comprismg contacting said tumor with a chim^c molecule comprising a label attached to 

3 a human C6 antibody that specifically binds c-^B-2. 

1 40. A polypeptide comprising one or more of the complementarity 

2 determining regions (CDRs) whose amino acid sequmce contains a CDR sequence 

3 selected from the group consisting of the CDRs listed in Tables 4, 10, 12, 13, 14, IS, 

4 and 16. 
1 

2 41. A nucldc acid molecule comprising a nucleotide sequoipe 

3 racoding a single chain polypeptide that exhibits the antibody-binding specificity of a 

4 human C6 antibody, said polypeptide comprising: 

5 a) a first polypeptide domain, comprising an amino add sequrace tiiat 

6 is the binding portion of a variable region of a heavy chain of a human C6 antibody; 

7 b) ^a second polypq)tide domain, comprising an amino acid sequence 

8 that is the binding portion of a variable region of a light chain of a human C6 antibody; 

9 and 

10 c) at least one polypeptide linkers comprising an amino add sequence 

1 1 spanning the distance between the C-terminus of one of the first or second domains and 

12 the N-temiinus of the other, whereby said link^ joins the first and second polypeptide 

13 domains into a single chain polypeptide. 

14 42. A polypeptide which odiibits immunological binding properties of 

15 a human C6 antibody, said polypeptide comprising first and second domains connected 

16 by a link» moiety, wherein: 
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1 a) *e first domain comprises at least one amino acid sequence that is 

2 a CDR derived from a heavy chain of a human C6 antibody and 

3 b) 

4 



2 
3 



3 
4 



the second domain comprises at least one amino acid sequence that 
is a CDR derived fiom a light chain of a human C6 antibody. 



1 43. Tte polypq,tide of claim 42. wherein the first domain comprises a 

2 a heavy chain of a human C6 antibody. 

^ ^' PO^JWtide of daim 42, wherein the second domain 

2 comprises a light diain of a human C6 antibody. 

^ 45. An expression cassette, comprising: 

^ *) *e nucleic add molecule ofdaim 41: and 

b) a control sequence operably linked to the nudeic molecule and 
4 capable of directing the ejqwession thereof. 

^ An expression cassette, comprising: 

^ a) the nucleic add molecule ofclaim 41- and 

b) a control sequence operably linked to the nucldc 
4 molecule and capable of directing the expression .hereof. 



47. An egression cassette, conqnising: 

a) the nucleic acid molecule of claim 41 ; and 

b) a control sequence opeiably linked to the nucldc 
molecule and capable of directing the expression thereof. 



^ 48. A method ofindudngthepioduction of apolypq,tide, comprising: 

a) mtrodudng the expression cassette of claim 47 into a host cdl 
Whereby the cassette is compatible with the host cdl and replicates in the host cell; 

b) growing the host cdl whereby the polypq,tide is expressed; aid 

c) isolating the polypeptide. 



49. 



A method of indudng the production of a polypeptide, comprising: 
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1 a) introducing the egression cassette of claim 47 into a host cell 

2 whereby the cassette is compatible with the host cell and replicates in the host cell; 

3 b) growing the host cell whereby the polypeptide is expressed; and 

4 c) isolating the polypeptide. 

1 50. A method of inducing the production of a polypeptide, comprising: 

2 a) introducing the expression cassette of claim 47 into a host cdl 

3 whereby the cassette is compatible with the host cell and replicates in the host cell; 

4 b) growing the host cell whereby the polypqitide is 

5 expressed; and 

6 c) isolating the polypeptide. 
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This ISA found multiple inventions as follows: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional 
examination fees must be paid. 

Group I, claim(s) 1-20, 29-40, 42-44, drawn to antibodies that bind c-erbB-2, a method of making said antibodies and 
a method of using said antibodies. 

Group II, claim(s) 21-28, 41, 45-50, drawn to nucleic acids that encode antibodies to c-erfoB-2, host cells expressing 
said nucleic acid, expression cassettes comprising said nucleic acid and a method of expressing said nucleic acid; 

The inventions listed as Groups I and 11 do not relate to a single inventive concept under PCT Rule 13.1 because, under 
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: The special 
technical feature of Group I not recited in Group II is immunoglobulin molecules that bind to c-eH>B-2. The special 
technical feature of Group II not recited in Group I is the nucleic acid that encodes antibodies to c-eifoB-2 
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